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INTBODUCTION 



The phenomenal deyelopment of the art of auto- 
mobiling within the past ten years has resulted in 
the creation of new branches of skilled labor of 
the hìgheat grade^ not only in the design and con- 
stmction of thìa useful and valuable machine, but 
also in ita care and operation. The safe and snc- 
oesafnl management of the swiftly moving auto, 
aa it thieada ita way throngh the erowded Street, 
or rapidly coverà distance out npon the highway 
callfl for skill, intelligence, and a thorongh ^owl- 
edge <d the machine in ali its details. It is there- 
fore wìth a view of snpplying this inf ormation in 
a condensed, and at the same time clear and ac- 
corate ^onn, that the author has prepared this 
little hook in which the antoist can find withont 
delay just the instractions needed for gaidance in 
fbB repair, adjnatment and operation of this in- 
tricate piece of mechanism. 

Ali <rf the latest, and most modem systems of 
ìgnitiony inclnding their constraction, care and 
operation are treated npon, and correct methods 
given for dealing wìth ali of the varions troubles 
enconntered while en ronte. Besides esplosive and 
dectric motors, considerable* space is also devoted 
to the steam automobile which appears te be rapidly 
coming ìnto favor. The catechism will also be 
lonnd to be a most valuable aid to chauffeurs when 
called upon to appear bef ore a board of examiners 
foT the purpoee of qualifying for a license. 
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QUESnONS AND ANSWEBS. 

A. 

Ques. 1. Mention some of the inconveniences 
eoimected wìth the use of the Acetylene lightf 

Ans. It contaìns impurities which endanger 
health when bumed in a closed room. Carbon 
dust gets into the bumers and clogs them ; some- 
times causing explosions. 

Ques. 2. What should be done with an Acety- 
lene lamp system in order to get satisfactory 
service from itt 

Ans. Strici deanliness should be maintained 
at ali times, and the various parta should be 
examined and replaced from time to time as 
necessary. 

Ques. 3. How is the electrolyte for Storage 
battery cella madef 

Ans. By pouring sulphuiic acid into distilled 
water until the specific gravity is 1.12; then 
allow the solution to cool until its temperature 
is about 60 degrees. 

Ques. 4. What is an electrical accumulatorf 

Ans. The Storage battery is an accumulator 
of electrical energy, and is used for driving the 
electrically propelled car. 

Ques. 5. Define the word Aeceleration. 

Ans. The increase of motion ; the time period 
of mutation in velocity. 
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12 Automobile 

Ques. 6. What ìs an acetometerf 

Ans. A graduated hydrometer used to as- 
certaìn the strength of acetic acid. 

Ques. 7. What is an active coil, or con- 
ductor? 

Ans. One that is conveying an electric cur- 
rent. 

Ques. 8. What are the leading features of 
the Adams motor cart 

Ans. The erank shaft is mounted vertically, 
and is stationary, the five cylinders revolving 
around it. The drive from the revolving cylin- 
ders to the gear set is through a bevel gear at- 
tached to the base of the revolving crank case, 
and which meshes with a bevel gear on one of 
the transverse shafts of the transmission. 

Ques. 9. What mie should govem the diam- 
eter of admission pipes f or esplosive motors T 

Ans. The internai diameter of the admission 
should not exceed one-f ourth the diameter of the 
motor cylinder. 

Ques. 10. How may the diameter of admis- 
sion valve opening be determined T 

Ans. ilultiply the bore of cylinder in inches 
by the stroke in inches, and by the number of 
revolutions per minute and divide the product 
by 15,000. 

Ques. 11. What should be the lift of a fiat 
seated valve, relative to its diameter? 

Ans. The lift should be one-fourth the diam- 
eter of the valve. 
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Ques. 12. Does the mie given in answer to 
Ques. 10 for valve diameter apply to ali types 
of valvest 

Ans. No, only to those which are mechanic- 
ally operated. For atmospherically operated 
valves, substitute 12,750 instead of 15,000 for 
the divisor. 

Ques. 13. Give the composition of air. 

Ans. By weight, oxygen 77 parts, nitrogen 
23 parts. By volume, oxygen 21 parts, nitrogen 
79 parts. 

Ques. 14. How many, and what are the 
methods in use for cooling the cylinders of ex- 
plosive motor enginesT 

Ans. Two; the air system, and the water 
system. 

Ques. 15. Describe the air cooling system. 

Ans. A rotary fan driven by the engine di- 
rects a Constant current of fresh unheated air 
upon the outside surface of the cylinders. 

Ques. 16. What proportion of air to gaso- 
line is required for the best explosive mixture ? 

Ans. 8,000 volumes of air to 1 volume of 
liquid gasoline. 

Ques. 17. Define gasoline considered as a 
mechanical mixture. 

Ans. It consists of several hydrocarbon dis- 
tillates, in which the compound hexane is sup- 
posed to he the major portìon. 

Ques. 18. Oive the formula for hexane. 

Ans. Ce H14. 
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14 AuiomobUe 

Ques. 19. What, then, would be a final ex- 
pression of complete combustion of hexane f 

Ans. 2 Ce H,^ X 19 0, = 12 CO, + 14 H^O 
In which C = Carbon 

H = Hydrogen 
O = Oxygen 

Ques. 20. If V = the velocity of the car in 
feet per second, and A = projected area of the 
front of the car in square feet, how may the 
borse power required to overcome the air re- 
sistance be foundt 

Ans. By use of the f oUowing formula : 

V« X A 

H P = 

240,000 

Ques. 21. How many kinds of alcohol are 
theref 

Ans. Two ; methyl, or wood alcohol C H^ O, 
and ethyl, o)r grain alcohol, C, He O. 

Ques. 22. Is wood alcohol practicable as a 
fuel for internai combustion enginesf 

Ans. It is not, owing to corrosive action on 
the cylinders. 

Ques. 23. What is denatured alcohol f 

Ans. Pure grain alcohol, diiuted as f oUows : 
To 100 volumes of alcohol are added 10 volumes 
of methyl, and one-half of one volume of ben- 
zine; or two volumes of methyl, and one-half 
volume of pyridine bases. 

Ques. 24. As compared with gasoline, is al- 
cohol a desirable fuel for internai combuistioii 
motorsf 
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Ans. In some respects it ìs ; as, f or ìnstance, 
the combustion ìs complete, the exhaust is prac- 
tically odorless, and theré is far less noise. On 
the other hand, a mneh larger quantity of al- 
cohol is required in proportion to horse power 
developed than with gasoline, and a mach 
greater degree of compression is reqnired with 
alcohol as fuel. 

Ques. 25. What is the ratio of air to alcohol 
vapor required for complete combustionf 

Ans. From 10 to 25 volomes of air to 1 of 
alcohoL 

Ques. 26. What is aluminumf 

Ans. A soft, dnctile, malleable metal, of a 
blnish white color, non-corrosive, T. S. about 
one-third that of iron ; the lightest of ali usef ul 
metals, except magnesinm. 

Ques. 27. What is aluminoidf 

Ans. Alloy composed of , by weight, 60 parta 
aluminum, 30 parta tin, and 10 parts zinc. T. S. 
18,000 Ibs., suitable for crank chambers, gear 
cases, etc., being light, extremely ductile, and 
readily machined. 

Ques. 28. What ìs the function of an am- 
meterf 

Ans. To measure the volume of the electrio 
current flowing in a circuit. 

Ques. 29. What ìs an ampere? 

Ans. The unit of electric current flow. 

Ques. 30. What is the meaning of an am- 
pere-hourt 

Ans. In connection with a Storage battery 
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' an ampere hour denotes the capacity of the bat- 
tery for current, as for instance a battery that 
will keep a 2 ampere lamp burning for 8 hours 
is said to have a 16 ampere hour capacity. 

Qnes. 31. What is an armature f 

Ans. The rotating part of a dynamo, or elec- 
tric motor. Two types are in general use with 
automobiles, viz., the shuttle type, and the slot- 
ted type of armature. 

Ques. 32. What is autogenous weldingf 

Ans. The welding, or rather melting together 
of metals by means of the oxyacetylene flame, 
the temperature of which is 6,300 degrees P. 

Ques. 33. What is an auto-meterf 

Ans. An instrument for recording the speed 
of an automobile or other vehicle in miles per 
hour. 

Ques. 34. Name the various types of auto- 
mobiles. 

Ans. Gasoline cars — ^Runabout, Touring Car, 
Light Car with detachable Tonneau, Stanhope, 
Boadster. Electric — ^Runabout, Parktrap, Phae- 
ton, Brougham^ Depot Bus, Light Delivery 
Wagon. 

Ques. 35. Which one of the axles of an auto- 
mobile is ordinarily used for driving the ma- 
chine T 

Ans. The rear axle. 

Ques. 36. What is a dead axle f 

Ans. An axle which carries weight only. 

Ques. 37. What is a live axleT 



Catechism 17 

Ans. An axle containìng parts that tum the 
wheek, in addition io carrying weight. 
Ques. 38. What is a floating axlef 
Ans. A special type of live axle in which the 
shaft that tums the wheels is independent of 
the axle proper. 

B. 

Ques. 39. What is meant by the term back- 
firing? 

Ans. An explosion or impulse which forces 
the fly wheel of a motor suddenly backwards, 
that is in the opposite direction to its proper 
rotation. 

Ques. 40. What causes back firingf 

Ans. Back firing may be caused by (1) the 
explosion of an accumulation of unbumed gases 
in the exhaust muffler, (2) a weak mixture, (3) 
an overheated combustion chamber, (4) ad vane- 
ing the ignition point too far ahead when the 
motor is running slow under heavy load, (5) de- 
posits of carbon (soot) in combustion chamber, 
which may become incandescent, causing pre- 
mature ignition. 

Ques. 41. How many types of ball bearìngs 
are in use on automobiles? 

Ans. Three — ^thrust, cone, and annular. 

Ques. 42. Why are thrust bearings so 
calledf 

Ans. Because they are intended to sustain 
end thrust. For this reason they require to be 
correctly macbined. 
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Ques. 43. Is the adjustable cone hearing a 
good hearmg for automohilesT 

Ans. It nsaally gives excellent resulta, ez- 
cept nnder heavy loads. 

Qnes. 44. Which type of ball hearing is prob- 
ahly the beat for ali kinds of auto servicef 

Ana The annular, consisting of three ele- 
mentSy two races, and the balla. 

Quea. 45. What percentage of the balla are 
under load at any one time, in the annular type f 

Ana. Only 30 per cent 

Ques. 46. Should ball bearings he lubri- 
catedf 

Ans. They should. 

Ques. 47. How is a dry battery usually 
made upf 

Ans. A zine celi forms the negative element, 
and the electrolyte is generally a jelly-like com- 
pound containing sal-ammoniac, ehloride of 
zinc, etc. The positive element, or carbon, is 
enclosed in a sack containing dioxide of man- 
ganese and crushed coke, which are the depolar- 
izing agents of the battery. 

Ques. 48. What is a primary battery f 

Ans. Any battery, either dry or wet, which 
generates electric current within itself. 

Ques. 49. What type of primary battery 
may he used for charging a small atorage bat- 
tery in the abaence of direct current? 

Ana. One of the cloaed circuit type, uaing 
^inc and carbon elootrodea in a 20 per cent ao* 
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lution of snlphnric acid and water, wìth nilrate 
of soda as the depolarizing agent. 

Ques. 50. What is the voltage nsually re- 
quired in an ignition system f 

Ans. Usually 6 volts. 

Ques. 51. How are the batteries connectedf 

Aos. Either in series, or multiple. 

Ques. 52. Describe the series-multìple con- 
nection. 

Ans. When two or more sets of batteries con- 
nected in series are, as sets joined in multiple, 
the whole ìs in series-multiple. 

Ques. 53. Describe in general terms the con- 
struction of the Storage battery as used in igni- 
tion service. 

Ans. It is usually o;E the lead, lead type, the 
electrolyte being sulphuric acid and water, hav- 
ing a specific gravity of 1,200. The positive and 
negative plates or elements are grids made of 
lead alloy, stiffened with antimony. 

Ques. 54. Mention some of the troubles that 
attend Storage batteries in service. 

Ans. Hardening of negative elements, locai 
action, buckling of plates, sulphation, reversai 
of negative elements, disintegration of grids, 
broken jars, loss of capacity, short circuits. 

Ques. 55. How is loss of the electrolyte by 
evaporation compensated fort 

Ans. By adding distilled water to the cells 
from time to time. 

Ques. 56. How is the proper quantity of wa- 
ter to be added to the celi detenqipedt 
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Ans. By means of an instrament called a 
hydrometer. 

Ques. 57. Aside from ball bearmgs, how are 
the other bearìngs of an automobile classifiedf 

Ans. In two general elasses — hard and soft. 

Ques. 58. Of what metals are hard bearìngs 
eomposed f 

Ans. Either brass or bronze. 

Ques. 59. Oive the composition of soft bear- 
ings. 

Ans. They contaìn a large proportion of tin, 
or lead, and a small percentage of copper. Bab- 
bitt metal, anti-frietion metal and white metal 
eonstitute sueh alloys. 

Ques. 60. How may the brakes on auto- 
mobiles be classifiedf 

Ans. Into three elasses, as follows: Hub or 
rear wheel brakes, transmission and diif erential 
gear brakes. They are either single or doublé 
acting, foot or band operated, and of the band, 
block, or expanding ring types. 

Ques. 61. Mention some of the advantages 
of the expanding brake. 

Ans. (1) It is less liable to drag npon the 
drum, (2) it is easily made doublé acting, (3) 
it has more braking power for a given pressure, 
(4) the friction surfaces are better protected 
from mud and grit. 

Ques. 62. Describe the action of the differ- 
ential brake. 

Ans. It usually consists of two drums,' oné* 
of which is fastened to each of the large gears 
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of the differentials. The straps and bands en- 
circlìng these drums are tightened by pedal, or 
lever, in the usuai manner. 

Ques. 63. What is the funetion of an equal- 
izer in connection with an automobile brake ? 

Ans. It causes the same pressure to be ap- 
plied to both brakes. 

Ques. 64. What would be the result if this 
pressure "were noi equally applied to the brakes? 

Ans. Side slip, or '^skidding." 

Ques. 65. Describe the sprag brake and its 
use. 

Ans. A Jsprag is a strong steel bar connected 
at its forward end to some point of the under 
part of the frame, while its rear end is pointed 
and hangs suspended by a chain, by means of 
which it may be dropped to the ground in case 
of emergency, thus preventing the car from 
running backwards down hills. 

Ques. 66. Are there any other forms of 
sprag brakes? 

Ans. Yes ; a ratchet wheel and pawl may be 
arrangedy either on the rear axle, on the differ- 
ential, or withìn the change-speed gear box, thus 
rendering backward motion of the car impos- 
sible when the brake is in action. 

Ques. 67. How should the sprag brake be 
used when ascending dangerous hills? 

Ans. It should be set so as to act immedi- 
ately in case the car stops. 

Ques. 68. Among the various parta of an 
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automobile how shoiild the brakes be consid- 
eredf 

Ans. The brakes come next to the motive 
power in importance, and freedom from disaster 
depends upon the brakes being kept in good 
condition and properly adjusted. 

Ques. 69. How may it be known whether 
they are in good condition or notf 

Ans. By frequently testing them while the 
car is in motion, by applying them until the car 
slows down or stops. 

Ques. 70. How should the brakes be applied 
in ordinary servicef 

Ans. Except in case of emergency, the appli- 
cation should be graduai, reducing the speed of 
the car without locking the wheels. 

Ques. 71. In case the wheels become locked 
while descending a hill what is to be done f 

Ans. Belease the brakes until the wheels 
again revolve, then reapply gradually. 

Ques. 72. What care should the brakes re- 
ceivef 

Ans. They should be examined at regular 
intervals. If the lining is wom it should be re- 
placed with new lining. Toggle joints and ad- 
justing nuts should be inspected, and any ioose- 
ness taken up. The shoes of internai expanding 
brakes should be renewed when wom. 

Ques. 73. In case a chain should break how 
may the car be driven T 

Ans. By the other chain, provided the idle 
sprocket is secured from revolving. 
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Ques. 74. How may leakage of the water 
cìrcnlatÌBg pump be repairedf 

Ans. If at the groand joint, insert a stiff 
paper gasket dipped in lubricating oil. If the 
leak ìB aroond the pump spindle use asbestos 
cord, or a strand of hemp rope soaked in vase- 
line and graphite or tallow. 

Ques. 75. Describe the proper method of 
eranking an explosive motor to start it. 

Ans. Adjust the crank to start against the 
compression, then give a quick pulì upward. 
Do not attempt to tum the crank ali the way 
around. 

Ques. 76. If, at any tìme, oil or grease can- 
not be obtained for fiUing the differential cas- 
ing, what is to be done f 

Ans. Beeswax may be used as a substitute. 

Ques. 77. Should the gasoline pipe get 
broken how may it be temporarily repaired T 

Ans. By forcing a short piece of rubber tub- 
ing over the broken ends. If the hole is only 
small, squeeze a piece of soap into it, and secure 
it by tying a piece of soaped rag around it with 
a piece of twine. 

Ques. 78. Should one of the cylinders miss 
some of its explosions at ìntervalSy how may it 
be locatedf 

Ans. Stop the machine and then touch each 
one of the cylinders with the business end of 
a match ; those cylinders that bave been doing 
the work will be hot enough to ignite the match, 
while the missing cylinder will not. 
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Qnes. 79. How may refractory nuts be 
loosened? 

Ans. Hold a piece of red hot iron near them 
f or a few mìnutes. This will expand the nuts. 

Qnes. 80. If a motor refuses to start readily 
what may be done to assist itf 

Ans. Tie a small buneh of waste with a wire 
dose to the air intake, and saturate it with gaso- 
line. 

Ques. 81. How may a broken rod, or link in 
the steering gear be temporarily repairedT 

Ans. Fasten a rod or a piece of gas pipe 
against the link, winding the wire the entire 
length of the rod. 

Ques. 82. How may broken trembler blades 
be temporarily repairedf 

Ans. By cutting corset steels to the proper 
length, and rivet them with the platinum but- 
ton from the broken biade through the hole 
which is punched near the end of the steel. A 
piece of the main spring of a clock also makes a 
good biade. 

Ques. 83. Enumerate some of the varions 
causes of break-downs. 

Ans. Soot or grease on the spark plug; de* 
fective insula tion of the spark plug; points of 
the spark plug too far apart; contacts badly 
corroded ; broken wires; loose battery terminala; 
leaky yalves ; seized piston, or hearing ; broken 
valve stem, or valve spring ; batteries exhausted; 
defective pecking. 
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G. 

Qaes. 84. Mentìon some of the symptoms of 
carbon deposit. 

Ans. Baek-firing, and knocking in cylìn- 
ders, motor showìng plenty of power at high 
speeds, but deficient in bill climbing. 

Ques. 85. What shonld be done when these 
sjmptx>ms appearf 

Ans. Take off the cylinder heads and scrape 
off the carbon deposit from top of pistons and 
inside of cylinders. 

Ques. 86. What is the fmiction of the car- 
bureter on an explosive motor f 

Ans. To correctly prepare the mixtnre of 
air and gasoline before its admission to the 
cylinder. 

Ques. 87. How many types of carbureters 
are there in use f 

Ans. Four, as follows: (1) The mechanical; 
(2) mechanical, with a gasoline puddle in the 
air passage; (3) the automatic; (4) automatic 
with a gasoline puddle in the air passage. 

Ques. 88. Describe in brief the action of 
each. 

Ans. In type (1) the passages are opened 
and closed by mechanism, the passages remain- 
ing the same until changed by the operator. 
In type (2) a basin fìUed with gasoline is lo- 
cated in the air pipe, which serves to add a cer- 
tain quantity of gasoline at ali suctions, but 
neither of these two types are entirely satisfac- 
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tory under the varying conditions of high speed, 
slow speedy climbing hills, or diminished suc- 
tion. Type (3) takes a portion of its air 
through a fixed opening, and a portion through 
an auxiliary opening which is controlied by a 
valve and coiled spring. This type gives better 
service. In type (4) the action of the gasoline 
puddle is similar to that of type (2) having the 
same objectionable features. 

Ques. 89. In what other ways are carbu- 
reters classifiedf 

Ans. Accordìng to the principles of their 
action; as for instance, the surface carbureter, 
in which the air is either passed over the sur- 
face of the volatile liquid, or circnlated around 
a ganze wicking or metallic surface saturated 
with such liquid. Second, the filtering carbu- 
reter, in which air is forced under suctìon 
through a body of the liquid f rom bottom to top, 
thus absorbing partides of its substance. Third, 
the float feed carbureter, in which the liquid 
hydrocarbon is sprayed or atomized through a 
minute nozzle and mixed with a passing column 
of air. 

Ques. 90. What are some of the character- 
istics of the surface carbureterf 

Ans. While it is the most economical form 
stili it is very irregular, and erratic in its action, 
requring Constant attention. 

Ques. 91. Describe in brìef the construction 
and action of the float feed carbureter. 

Ans. A small gasoline receptacle contains a 
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lioUow metal, or a cork float arranged to con- 
trol the gasoline supply from the tank, or res- 
ervoir, and a tube in which is located a nozzle in 
communìcation with the ^gasoline receptacle. 
This is the mixing chamber. The«gasoline level 
is maintained about one-sixteenth of an inch 
below the nozzle opening in the mixing cham- 
ber. The gasoline is drawn from the jet in the 
mixing chamber by the vacuum created by the 
intake stroke of the motor piston, and mixes 
with the air supply to be drawn into the cylin- 
der in the form of an explosive mixture. 

Ques. 92. How should carbureters be in- 
spected? 

Ans. The float valve should be inspected for 
leaks as foUows: First, dose the main gasoline 
valve, then unscrew the washout plug below the 
needle valve and remove any dirt or bits of 
waste that may have passed the strainer. An- 
other method is to open the top of the float 
chamber and take out the float and needle valve, 
then wash out with gasoline. If a light is nec- 
essary in making this inspection, use an incan- 
descent electric, as there is danger in using any 
other. 

Ques. 93. Describe the doublé chain drive. 

Ans. The driving axle is solid and station- 
ary. To the inside of the spokes of each driv- 
ing wheel is bolted a large sprocket wheel, while 
a coimter shaft divided at its centrai portion 
is carried by the chassis a short distance ahead 
of the driving axle. The two inner ends of this 
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coimter shaft co&nect with the differential gear, 
while the two outer ends carry each a small 
sprocket wheel over which the chains travel. 

Ques. 94. Describe the single chaim drive. 

Ans. The rear or driving axle revolves, and 
npon it the large sprocket is seenred. The small 
sprocket is carried by the engine shaft which 
also carrìes the change speed gear, while the 
differential gear is located on the rear axle. 

Ques. 95. How often should the chains be 
cleaned f 

Ans. At least once a month. 

Ques. 96. How may this be done effectually ? 

Aqs. Remove the chains and throw them into 
a vessel containing kerosene, leaving them there 
for 10 or 12 hours, after which wash with gaso- 
line. After the chains are dry, soak, or boil 
them in a mixture of beef tallow and graphite. 

Ques. 97. What is the function of the 
change speed gearf 

Ans. To enable the chauffeur to increase the 
speed of the engine without increasing the speed 
of the driven shaft, or car axle. 

Ques. 98. How is this accomplished f 

Ans. In some cases by belt, and friction 
drives. In other cases by sliding gears, indi- 
viduai clutch gears, and planetary gears. 

Ques. 99. What is the principle of the plan- 
etary gearT 

Ans. It consists of a high speed connection 
for the direct drive, and an arrangement of 
gears that reduces, or reverses the motion when 
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one or another drum on which these gears are 
mounted ìs held stationary. 

Ques. 100. What are the basic prineiples of 
frietìon, and belt and pulley change speed 
drives ? 

Ans. The ratio of the driver and the driven 
Ì8 changed by bringing into contact friction 
discs, or puUeys of varying diameters. 

Ques. 101. What is the meaning of the word 
chassis? 

Ans. Applied to automobiles it means the 
frame, springs, wheels, transmission, in fact ali 
mechanism except the automobile body. 

Ques. lOlA. What is a circuit breaker? 

Ans. A device which acts automatically to 
break an electric circuit. 

Ques. 102. What ìs the function of a circu- 
lating water pump 1 

Ans. It is supposed to regniate the tempera- 
ture of the jacket water, but it fails to do this 
perfectly, for the reason that being driven di- 
rect from the motor, it operates with a speed 
which varies with the speed of the motor, re- 
gardless of the speed of the car. In other words 
the car may be climbing a bill at slow speed 
while the motor is working at full charge, but 
getting very little cooling effect from wind 
pressure, or, on the other band the car may be 
running at high speed, with the motor working 
on a light charge, while the cooling eflfect of the 
wind is very great, and the pump is also run- 
ning at high speed. 
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Ques. 103. What type of pump is ordinarily 
used on automobilesf 

Ans. The rotary. 

Ques. 104. How are clutches usually classi- 
fied? 

Àns. Cone, disc, and band. 

Ques. 105. What is the prime object of a 
clutch f 

Ans. To enable the operator to start, and 
stop the car without having to stop the motor. 

Ques. 105A. What is the combustion cham- 
berf 

Ans. That portion of the motor in which 
the gases are compressed, and ignited. 

Ques. 106. What are the requirements of a 
combustion chamberf 

Ans. The interior should be as smooth as 
possible, and kept 'ree from soot or carbon de- 
posits. 

Ques. 107. What are the functions of the 
commutator of the ignition system of a multi- 
cylinder gasoline motor? 

Ans. (1) To switch the battery current in 
and out of the electrical circuit at the proper 
time; (2) to transfer the battery current suc- 
cessi vely from one coil to another; (3) to vary 
the point, or time of ignition. 

Ques. 108. What care should be given the 
commutator f 

Ans. The platinum contacts should be 
cleaned at least once a week with fine sandpaper. 
If of the rotary wiping f orm, the brass or copper 
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segments should also be cleaned in the same way. 
Ali lock nutSy and adjusting screws should be 
carefully gone over at the same time. 

Ques. 109. Wliat is the funetion of a eom- 
pensating or flexible jointf 

Ans. To allow for the dìstortion of the run- 
ning gear, due to rough roads. 
. Ques. 110. Wìth gasoline motors what is the 
allowable compression in Ibs. per sq. in. 1 

Ans. About 85 Ibs; 

Ques. 111. How high may the compression 
be raised with the heavier fuels, sueh as kero- 
sene! 

Ans. 250 Ibs. per sq. in. 

Ques. 112. How may the compression in at- 
mospheres of a motor be calculated? 

Ans. Divide the volume of the piston dis- 
piacement in cubie inches by the volume of the 
combustion chamber, also in cubie inches, and 
add one to the result. 

Ques. 113. What is the funetion of a cur- 
rent condenser on an automobile? 

Ans. To absorb the static charge of elec- 
tricity caused by self-induction in the primary 
coils. 

Ques. 114. What is the funetion of the con- 
tact breakert 

Ans. To open the electric circuit at the 
proper time for the passage of the spark at the 
points of the spark plug. 

Ques. 115. Why is cooling of the cylìnders 
of esplosive motors necessaryt 
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Aub. In order to permit of proper labrica- 
tion, and also to prevent pre-ignition. 

Ques. 116. How many cooling systems are in 
use? 

Ans. Two — YÌz. — ^aip cooling, and liquid cool- 
ing. 

Ques. 117. What should be the temperature 
of the cylinders, for efiScient work? 

Ans. As near 350 degrees F. as possible. 

Ques. 118. What liquids may be used for 
cooling? 

Ans. Alcohol; a lìght, thin minerai oil; or 
water. 

Ques. 119. What portion of the cylinder 
wears fastest? 

Ans. The side against which the piston is 
f orced by the angularity of the connecting rod. 



Ques. 120. What are Dalton's laws relative 
to vapor tension, and quantity? 

Ans. (1) The pressure and quantity of vai)or 
that will saturate a given space are the same 
for the same temperature, whether the space 
contains a gas, or is a vacuum; (2) the pres- 
sure of the mixture of a gas and a vapor equals 
the sum of the pressures that each would exert 
if it occupied the same space alone. 

Ques. 121. If the cooling water contains 
lime or alkali, how will it affect the cooling 
spacesT 
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Àns. Scale, and solid snbstances will be de- 
posited inside and prevent proper cireulation. 
Ques. 122. How may this scale be dissolvedf 
Ans. Dìlute one part of muriatic acid wìth 
nineteen parts water, then drain the jacket com- 
pletely, and pour in enough of the solution to 
fili the entire cooling space. Allow the solu- 
tion to remain in the jacket from 8 to 12 hours, 
then wash out by allowing clear water to run 
through it. 

Ques. 123. How often should this method be 
appHedf 

Ans. Once every two weeks, with hard 
water. 

Ques. 124. What is the fnnction of the dif- 
ferential gear? 

Ans. To allow one of the driving wheels to 
tum at a different speed from the other, when 
necessary, as for instance, in rounding a sharp 
curve, the outer wheel must travel a much 
farther distance in the same length of time than 
does the inner wheel, and if the two wheels 
were tuming the same number of revolutions, 
one, or both of them would be forced to slip 
were it not for the differential gear which at 
such times allows the inner wheel to tum 
slower. 

Ques. 125. What advantage is gained by the 
use of a distributer with the ignition system ? 

Ans. By its use any number of cylinders may 
be sparked from a single coiL 
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Ques. 126. What precautions should be ob- 
served in the operation of gasoline motorsT 

Ans. Never use a match or small torch while 
inspecting the carbureter. Do not smoke while 
filling the gasoline tank. Always carry an ex- 
tra spark plug on the car. Do not allow. the 
motor to race or nin fast when out of gear, but 
retard the ignition, and throttle the charge 
when the car is to be stopped for a few min- 
ates. Do not fili the gasoline tank entirely full, 
but leave a small air space at the top. If the 
car while running, makes an nnusual noise, stop 
immediately and ascertain the cause. Do not 
start or stop too suddenly. 

Ques. 127. What is a good mie to follow 
when on the roadf 

Ans. Drive with moderate speed on the level, 
slow speed down hiil, and wide open throttle 
for bill climbing, or getting up speed only. 

Ques. 128. Why are not large driving wheela 
more usedT 

Ans. Because (1) the car is less stable in 
tuming comers; (2) large wheels are much more 
expensive, also more liable to injury than are 
wheels of smaller diameter. 

Ques. 129. What is a Dynamometer ? 

Ans. A form of equalizing gear which is at- 
tached between a source of power and a piece 
of machinery, when it is desired to ascertain the 
power necessary to operate said machinery with 
a given rate of speed. 
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Qaes. 130. What is meant by the efiSciency 
of an explosive motor? 

Ans. The relation between the number of 
heat nnits consumed by the motor, and the num- 
ber of f oot pounds of work or energy given out 
by the motor. 

Ques. 131. What proportion of the heat units 
consumed by an explosive motor are utìlized, or 
given up in aetual workT 

Ans. About one-fifth. 

Qaes. 132. How is fuel effieiency of explosive 
motors considered, relative to that of weight? 

Ans. At the present time it is of secondary 
importance. 

Ques. 133. "Wlhat then, is considered to be 
of primary importance in the performance of an 
explosive motor on an automobile! 

Ans. To obtain the maximum amount of 
power from a motor of minimum weight. 

Ques. 134. How may the fuel efSciency of a 
motor be increasedt 

Ans. By a proper manipulation of the ma- 
chine, and by a correct adjustment of the valve 
mechanism. 

Ques. 135. What conditions affect motor 
eflBciencyt 

Ans. The power for weight eflScieney in- 
creases almost in proportion to increase of speed 
with high speed explosive motors, but the fuel 
effieiency decreases with an increase of speed 
beyond certain limitations. 
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Ques. 136. How may electricity be gener- 
ateci? 

Ans. In several ways, as for ìnstance, me- 
ehanieally, chemieally, and statically or by fric- 
tìon. 

Ques. 137. What can be said of the current 
from a Storage battery, and that from a dry 
batteryt 

Ans. Cnrrent from a Storage battery will 
flow continuously until the battery is exhausted, 
while current from a dry battery can only be 
used intermittently, that is, it must bave slight 
perioda of rest. 

Ques. 138. What is the nature of the cur- 
rent generated by the dynamo, or magneto? 

Ans. It is altemating; reversing its direc- 
tion of flow rapidly. 

Ques. 139. How is it changed into a direct 
current f 

Ans. By means of a commutator. 

Ques. 140. May any of the forms of electric 
current enumerated in the answer to question 
136 be used in the ignition system of an esplo- 
sive motori 

Ans. They may, but the static or frìctional 
form is not used on account of its erratic nature. 

Ques. 141. What care should be gìven the 
electric plant of an automobile? 

Ans. Look it over frequently; replace wom 
wires with new ones; clean out the timer with 
gasoline, and lubricate with light oil. Examine 
the Storage battery and if brown deposits are 
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scen at bottom of cells, pour out the electrolyte 
iato a glass botile, and wash the cells out wìth 
clear water. Clean the termìnals of any corro- 
sion, and see that air vents are not clogged. 
Watch the aeeumulator and do not allow elee- 
troljrte to get below the proper level. If the 
Storage battery is of the type in which the 
electrolyte is a jelly-like emulsion, see that it 
is kepi moist on top by adding a little water to 
replaee that lost by evaporation. 

Qnes. 142. How much electrical energy is 
required per candle power to operate an electric 
lamp? 

Ans. A trifle over 4 volts; one 16 candle 
power lamp requires about one-twelfth of a 
borse power. 

Ques. 143. What are the requirements of an 
electric motor for use in connection with a 
Storage battery, for automobile propulsion? 

Ans. It should be capable of withstanding 
an overload of over 100 per cent for at least 
thirty minutes at a time, without unduly heat- 
ing. 

Ques. 144. How many types of electric mo- 
tors are in general usef* 

Ans. Three, viz., shunt-wound, series-wound, 
and compound wound. 

Ques. 145. Which type of motor is usually 
in use on electric automobiles? 

Ans. The series-wound, as it gives the most 
satisfactory results. 
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Ques. 146. Describe in brief the windìng of 
a serìes motor. 

Ans. The field magnets are wound with a 
few tums of very large wire. One end of this 
is connected to one of the commutator brushes, 
while the other end of the wire, and the other 
brush terminal connect with the battery, or 
other Bouree of current. 

Ques. 147. Describe the winding of a shunt 
motor T 

Ans. The field magnets are wound with a 
great many tums of very small wire, the ends 
of which connect directly with the terminala of 
the commutator brushes. 

Ques. 148. How are compound motors 
wound! 

Ans. They are doublé wound; that is, with 
both shunt and series windings. 

Ques. 149. Describe briefly the construction 
of the armature of an electric motor. 

Ans. It is built up of a number of disks of 
sheet iron, separated by thin sheets of paper, or 
by the use of vamish between them to prevent 
eddy currents. 

Ques. 150. What work does the commutator 
of an electric motor perform? 

Ans. It receives the current from the bat* 
tery, or other source, through the brushes, and 
transmits it to the armature coils. 

Ques. 151. 'Wliat are the essential features 
of an electric motor T 

Ans. The brushes, the commutator, the arma- 
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ture, the field magnets, and pole pieces, the lat- 
tar being an extension of the magnet core ; and 
the magnet frame, usually of cast steel. 

Ques. 152. What are some of the troubles 
connected with the operation of electric motors? 

Ans. Open circuita, improper connections, 
and short circuits. 

Ques. 153. Where may open circuits be 
looked for? 

Ans. (1) At the battery terminala, which 
may be corroded, or loose ;(2) in the controller, a 
connection may be loose, contact fingerà not 
making good contact, or the removable plug may 
be out; (3) at the brushes, one may have f alien 
out, or springs too weak to insure good con- 
tact ; (4) the reversing switch may be half way 
over, leaving batteries and motor on open cir- 
cuit. 

Ques. 154. If the ammeter indicates a large 
current, but motor refuses to start, what is 
the trouble! 

Ans. Short circuit. 

Ques. 155. How may it generally be located T 

Ans. Lift one of the brushes, and if amper- 
age drops, or disappears altogether, the short 
circuit is in one of the field coils; or a broken 
wire may be touching some portion of the metal 
of the car, or an exposed part of another wire. 

Ques. 156. Mention three principal ways in 
which the speed of electric motors may be 
variedT 

Ans. (1) By introducìng variable resistances 
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in the motor and battery circuit; (2) by vary- 
ing the voltage of the battery, using different 
combinations of the trays; (3) by connecting 
the field coils either ali in series, in series par- 
allela or ali in parallel. 

Ques. 157. What constitutes one electrical 
horse power! 

Ans. The current (C) in amperes multiplied 
by the electro-motive force (E) in volta, di- 
vided by 746 ; expressed as f oUows : 

BXC 

E. H. P. = 

746 

Ques. 158. How many watts are neeessary 
to deliver one mechanical, or brake horse power 
in practiee T 

Ans. 1,000 watts, expressed as one kilowatt. 

Ques. 159. If the brake horse power of an 
electric motor be known, how may the efficiency 
be calculatedT 

Ans. By the f oUowing formula : 

B.H.P. X746 

e = 

BXC 
in which 

e = Efficiency 
B. H. P. = Brake horse power 
E = Volta 
C = Amperes. 
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Ques. 160. Define the term, Electro-Motive 
Force (E. M. P.). 

Ans. It Ì8 the manifestation of energy in an 
electric current; as for instance, a cnrrent un- 
der a pressure of one volt will force one ampere 
through one ohm of resìstance. 

Ques. 161. What two causes are responsible 
for a smoky exhaust on an explosive motort 

Ans. (1) Over-lubrication ; (2) too rich a 
mìxture. 

Ques. 162. What is the function of an ex- 
haust mufSert 

Ans. To deaden the noìse of the escaping 
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Ques. 163. What is liable to occur to an 
exhaust muffler if it is not cleaned regularly T 

Ans. Carbon deposita on the interior, which 
will tend to increase the back pressure. 

Ques. 164. What will be the result if the 
exhaust valve is allowed to dose too earlyt 

Ans. An excess of bumed gas wiU remain in 
the cylinder, while if kept open too long some 
of the bumed gas will re-enter the cylinder 
during the suction stroke. 

Ques. 165. Upon what six conditions does 
the efficiency of the expansion in the cylinder 
of an explosive motor dependt 

Ans. (1) Initial volume of the charge; (2) 
condition of the mixture; (3) compression pres- 
sure; (4) point of ignition; (5) piston speed; 
(6) losses due to radiation. 
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Ques. 166. How many, and what types of 
explosìve motors are in general use? 

Ans. Two, viz., two eyele and four cycle. 

Ques. 167. Whsit is meant by the term cycle ? 

Ans. The four stages through which the 
condìtions in the cylinder must pass in order to 
develop one power stroke of the piston. 

Ques. 168. Eelative to the revolutions of the 
crank, how often does an explosive, or power 
stroke occur in a two cycle engine ? A four cycle 
engine ì 

Ans. At every revolution, or every second 
stroke, in a two cycle engine, and every alter- 
nate revolution, or every fourth stroke of the 
piston, in a four cycle engine. 

Ques. 169. How many compression chambers 
are required in a two cycle engine! 

Ans. Two, for the reason that two cylinders, 
either side by side or tandem are required, and 
while the charge is being received in one, the 
previous charge in the other cylinder is being 
compressed preparatory to explosion. 

Ques. 170. Define the stages of a single cyl- 
inder, or four cycle engine? 

Ans. (1) Induction; during an out stroke of 
the piston the explosive mixture is drawn into 
the cylinder in proper proportions; (2) com- 
pression; on the return or in stroke the piston 
compresses this mixture into the clearance 
space; (3) explosion; the compressed mixture 
is ignited, causing a rapid rise in pressure, and 
subsequent expansion of products, causing an- 
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other out stroke of pìston;; (4) expulsion; the 
expanded gases are expelled by the retuming 
piston. 

Ques. 171. Define the stages of a doublé 
cylinder, or two cycle engìne. 

Ans. (1) Cylinder No. 1, charge eompressed; 
piston ready to start on out stroke ; cylinder No. 
2, charged with mixture, piston ready to start 
òn in stroke; (2) cylinder No. 1, charge ex- 
ploded, piston completes power stroke ; cylinder 
No. 2, piston completes return, or compression 
stroke. 

P 

Ques. 172. What is vulcanized fibre! 

Ans. Paper pulp treated with sulphuric 
acid, washed and afterwards eompressed into 
sheet, or rod form. 

Ques. 173. Define the word friction. 

Ans. Besistance to motion of two bodies in 
contact. 

Ques. 174. What are some of the laws gov- 
eming friction? 

Ans. (1) Friction varies in proportion to 
pressure on surfaces; (2) it increases with 
roughness of surfaces; (3) friction of rest is 
greater than friction of motion ; (4) the amount 
of friction is independent of the area of surfaces 
in contact when pressure and speed remain Con- 
stant; (5) friction is greater between soft bod- 
ies, than between hard bodies. 

Ques. 175. What are the conditions attend- 
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ing i>erf ect lubrication of bearings and joumais T 

Ans. There is a continuons film of Inbricant 
ninning around with the journal, and sliding 
over a similar film adhering to the hearing. 
The metallie surfaccs do not touch each other. 

Ques. 176. Under what conditions does the 
friction drive for i)ower transmission show a 
high efficiency? 

Ans. Conditions where the load is Constant 
and unif orm. 

Ques. 177. Do these conditions exist with 
automobilesT 

Ans. Not as a mie ; but rather the contrary. 

Ques. 178. Gave the names, and average 
composition of the various fuels at present 
available for automobile use. 

Ans. C = Carbon, = Oxygen, H = Hy- 
drogen. 

Gasoline, average composition, C = 84, H = 
16. 

Benzine, average composition, C = 92, H = 8. 

Alcohol, average composition, C = 32, H = 8, 
= 35. 

Tar Benzol, average composition, C = 92, H 
= 8. 

Eerosene, average composition, C = 85, H = 
15. 

Motor spirit, consisting of Naphtha, Benzo- 
line. Benzine, average composition, C = 85, H = 
15. 

Methyl Alcohol, consisting of ^Wbod spirit, 
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Naphtha, average composition, C = 38, H = 12, 
= 50. 

Acetylene, Ethene, average composition, G = 
92, H = 8. 

Calorific vaine 25,000 B. t. u, 

Qnes. 179. Which type of explosive motor 
uses the larger quantity of fuel per H. P. devel- 
opedT 

Ans. The two-cycle engine. 

Qnes. 180. Oive two princìpal reasons why 
the fuel consomption of the two-cycle engine is 
greatest. 

Ans. First: Betention of a portion of the 
exhanst charge. Second : More or lesa loss of a 
portion of the fresh charge. 

O 

Qnes. 181. What law governa the expan- 
sion of gases, with relation to temperatnre ? 

Ans. Ali gases expand eqnally l/490th part 
of their volume for each degree Fahr. of their 
temperatnre. 

Qnes. 182. What is the main canse of the 
carbon deposits on the interior walls of the 
cylinders of gasoline motorsT 

Ans. Gasoline, which does not vaporize nntil 
it Comes in contact wiih the hot cylinder walls. 

Qnes. 183. How may the vaporization of the 
gasoline be greatly accelerated before it reaches 
the interior of the cylinder! 

Ans. By pre-heating the mixtnre on its way 
to the combnstion chamber. 

Qnes. 184. Is it possible to mannfacture a 
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ìng perf ect lubrication of bearings and journals f 

Ans. There is a continuous film of lubricant 
running around with the journal, and sliding 
over a similar film adhering to the hearing. 
The metallic surfaces do not touch each other. 

Ques. 176. Under what conditions does the 
friction drive for power transmission show a 
high efSciencyf 

Ans. Conditions where the load is Constant 
and unif orm. 

Ques. 177. Do these conditions exist with 
automobilesT 

Ans. Not as a rule ; but rather the contrary. 

Ques. 178. Give the names, and average 
composition of the various fuels at present 
available for automobile use. 

Ans. C = Carbon, = Oxygen, H = Hy- 
drogen. 

Gasoline, average composition, C = 84, H = 
16. 

Benzine, average composition, C = 92, H = 8. 

Alcohol, average composition, C = 32, H = 8, 
= 35. 

Tar BenzoI, average composition, = 92, H 
= 8. 

Eerosene, average composition, C = 85, H = 
15. 

Motor spirit, consisting of Naphtha, Benzo- 
line. Benzine, average composition, C = 85, H = 
15. 

Methyl Alcohol, consisting of "Wbod spirit. 
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Naphtha, average compositìon, C = 38, H = 12, 
= 50. 

Acetylene, Ethene, average composition, G = 
92, H = 8. 

Calorific value 25,000 B. t. u. 

Ques. 179. Which type of ezplosive motor 
uses the larger quantity of fuel per H. P. devel- 
opedf 

Ans. The two-cycle engine. 

Ques. 180. Oive two principal reasons why 
the fnel concminption of the two-cycle engine is 
greatest. 

Ans. First: Betention of a portion of the 
exhanst charge. Second : More or less loss of a 
portion of the fresh charge. 

O 

Ques. 181. What law govems the expan- 
Sion of gases, with relation to temperature? 

Ans. Ali gases expand equally l/490th part 
of their volume f or each degree Fahr. of their 
temperature. 

Ques. 182. What is the main cause of the 
carbon deposits on the interior walls of the 
cylinders of gasoline motorsf 

Ans. Gasoline, which does not yaporize until 
it Comes in contact wiih the hot cylinder walls. 

Ques. 183. How may the vaporization of the 
gasoline be greatly accelerated before it reaches 
the interior of the cylinder T 

Ans. By pre-heating the mixture on its way 
to the combustion chamber. 

Ques. 184. Is it possible to manufacture a 



44 Automobile 

ìng perfect lubrìcation of bearings and journalsf 

Ans. There is a continuous film of lubricant 
running around with the journal, and sliding 
over a similar film adhering io the hearing. 
The metallìc surfaces do not touch each other. 

Ques. 176. Under what conditions does the 
frietion drive for power transmission show a 
high efSeiencyf 

Ans. Conditions where the load is Constant 
and unif orm. 

Ques. 177. Do these conditions exist with 
automobilesT 

Ans. Not as a rule ; but rather the contrary. 

Ques. 178. Gave the names, and average 
composition of the various fuels at present 
available for automobile use. 

Ans. C = Carbon, = Oxygen, H = Hy- 
drogen. 

Gasoline, average composition, C = 84, H := 
16. 

Benzine, average composition, C = 92, H = 8. 

Alcohol, average composition, C = 32, H = 8, 
= 35. 

Tar BenzoI, average composition, C = 92, H 
= 8. 

Eerosene, average composition, C = 85, H = 
15. 

Motor spirit, consisting of Naphtha, Benzo- 
line. Benzine, average composition, C = 85, H = 
15. 

Methyl Alcohol, consisting of "Wbod spirit. 
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Naphtha, average composition, C = 38, H = 12, 
= 50. 

Acetylene, Ethene, average compositìon, C = 
92, H = 8. 

Calorific vaine 25,000 B. t. il 

Ques. 179. Which type of ezplosive motor 
uses the larger quantity of fuel per H. P. devel- 
opedf 

Ans. The two-cycle engine. 

Ques. 180. Oiye two principal reasons why 
the fnel consumption of the two-cycle engine is 
greatest. 

Ans. First: Betention of a portion of the 
exhanst charge. Second : More or less loss of a 
portion of the fresh charge. 

O 

Ques. 181. What law govems the expan- 
Sion of gases, with relation to temperature T 

Ans. Ali gases expand equally l/490th part 
of their volume for each degree Fahr. of their 
temperature. 

Ques. 182. What is the main cause of the 
carbon deposits on the interior walls of the 
cylinders of gasoline motorsT 

Ans. Gasoline, which does not vaporize until 
it Comes in contact wiih the hot cylinder walls. 

Ques. 183. How may the vaporization of the 
gasoline be greatly accelerated before it reaches 
the interior of the cylinder! 

Ans. By pre-heating the mixture on its way 
to the combustion chamber. 

Ques. 184. Is it possible to manufacture a 
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ìng at nearly corresponding rates of speed be- 
fore engaging the clutch. 

Ques. 206. What mie should govem in 
climbing a hilH 

Ans. The bill sbould be aseended as far as 
possible on higb gear, and tbe cbange to lower 
gear be made as soon as the motor begins to 
labor hard. 

Ques. 207. Wliat method should be pursued 
in caring for the gear case and rear live axle 
casingf 

Ans. They should be periodically emptied of 
oil, and accumulated metal grit, then thoroughly 
washed out with kerosene, and filled with fresh 
oil. 

Ques. 208. What is implied in the term gen- 
erator as used in connection with automobilesf 

Ans. Any form of chemical, or mechanical 
device which is used to produce a current of 
electricity. The term also applies to the ap- 
paratus for generating acetylene gas for use 
in the lamps. 

Ques. 209. Name the two forms of mechan- 
isms used for ignition purposes? 

Ans. First : the dynamo, which ìs self-excit- 
ing by means of coils of wire wound upon mag- 
net limbs. Second: the magneto, having per- 
manent magnets instead of coils, to induce the 
current in the armature. 

Ques. 210. Which type is most generally 
used on automobiles? 
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Ans. The magneto, owing io simplicity of 
construction and low first cosi. 

Ques. 211. Describe the prìnciples of the 
magneto. 

Ans. It consìsts of two or more horseshoe 
magnets, the ends of which embrace the pole 
pìeces between which rotates a shuttle arma- 
ture wound with small ìnsulated copper wire. 
Rotatìon of this armature disturbs the lines of 
magnetic force, which in tum sets up induced 
eurrents in the armature. 

Ques. 212. What kind of electric current is 
thus producedf 

Ans. Altemating; but it is converted into 
direct current by means of the commutator on 
the armature shaft. 

Ques. 213. What is the function of the gov- 
emor, as applied to esplosive motorsf 

Ans. To control the speed, which may be 
done in three ways, as foUows: throttling the 
supply of mixture ; retarding ignition ; prevent- 
ing the exhaust valve from opening. 

Ques. 214. May graphite be used as a lubri- 
cant for cylinders of explosive motorsf 

Ans. Only to a limited extent. 

H 

Ques. 215. What is meant by the term beat 
value of fuelsf 

Ans. The quantity of beat generated, or that 
may be generated by the complete eombustiop 
of the fuel. 
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Ques. 216. In what three ways may Iosa of 
heat resultf 

Ans. By convectioii; by conduction and by 
radiation. 

Ques. 217. Wbich one of these three ia the 
princìpal factor in heat loss in explosive mo- 
torsT 

Ans. Convection; owing to the violent mo- 
tion of the ignited gas. 

Ques. 218. Oive the formula for ascertain- 
ing the borse power of an esplosive motor. 

Ans. First ascertain the number of power 
strokes per minute, then 

PLAN 

H. P. = in which 

33000 

H. P. = Horse power. 

P = Mean effective pressure. 

L = Length of stroke in f eet. 

A = Area of piston in sq. in. 

N = Number of power strokes i>er minute. 

Ques. 219. What is the best construction for 
hubs, and wheels of automobilesf 

Ans. Ball and roller bearings, the hubs to 
be accurately machined from steei castings or 
die forgings. 



Ques. 220. What two objeets must be at- 
ta! ned in order to gain the highest efficiency in 
operating an esplosive motor t 
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Ans. First, a correct mixtnre of gasoline and 
air; and second, ignition of this mixture at the 
proper tìme. 

Ques. 221. What form of ignition is the 
most practical for automobile servicef 

Ans. Electric, either by the primary method 
or the secondary method. 

Ques. 222. HoWi are these methods otherwise 
designated f 

Ans. Low tension, and high tension. 

Ques. 223. In common parlance what addi- 
tional names are given to these two systemsT 

Ans. Low tension is termed, the make and 
break system, while high tension is called .the 
jump spark system of ignition. 

Ques*. 224. What is the basic principle of in- 
duction in electrical action? 

Ans. If a certain body has electrical or mag- 
netic properties, it will cali forth or produce 
similar properties in a neighboring body with- 
out direct contact. 

Ques. 225. What is the nature of an elec- 
trical current that is produced by an induction 
coilf 

Ans. It has a high electro motive force or 
voltage. 

Ques. 226. When should the ignition always 
be retardedf 

Ans. Just bef ore the car is started. 
Ques. 227. When should the ignition be ad- 
vanced f 



.-»^ 
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Àns. After the motor has attained a fair 
rate of speed. 

Ques. 228. What is a good rale to remem- 
ber regarding the handling of the ignitìonf 

Ans. Oreater motor speed requires an early 
ìgnition, but greater power calla for late, or re- 
tarded ignitìon. 

Ques. 229. Describe some of the maio 
troubles that occur with ignition systemsf 

Ans. Loose contact screws; vibrator im- 
properly ad justed ; f aulty ìnsulation of wiring ; 
corroded battery terminals. 

Ques. 230. What is the function of an In- 
dicatorT 

Ans. By means of the indicator it is possible 
to obtain a card or diagram showing the action 
of the exploded gas upon the piston withìn the 
cylinder. 

Ques. 231. Of what use are such diagramsf 

Ans. They show whether the ignition occurs 
at the proper moment ; also if release or exhaust 
is properly timed. The borse power developed 
by the motor may also be computed from an in- 
dicator diagram. 

Ques. 231a. Define the meaning of inertiaf 

Ans. That property of a body by which it 
tends to continue in the state of rest, or mo- 
tion in which it may be placed, until acted upon 
by some other force. 

Ques. 231b. What are some of the prelimi- 
narìes to be observed before starting a cart 

Ans. Betard the spark as far as possible. 
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Open main gasoline valve at tank. Set throttle 
about one quarter open. Close swìtch and in- 
sert saf ety plug. Tum on oil feed in lubricating 
system. Open compression relief cocks if there 
are any. Prime carbureter by depressing the 
float or otherwise. Engagé starting crank, 
and pulì npwards smartly against the com- 
pression. The motor should then start; but if 
it does not, tum the erank until the next com- 
pression stroke, and again pulì up smartly. 



Ques. 232. What disadvantage attends 
water-jackets that are cast integrai with the 
cylinders! 

Ans. They are hard to clean when scale de- 
posits accumulate in them. 

Ques. 233. What other f orm of water- jacket 
is in use on small engines? 

Ans. Jackets made of heavy sheet copper, 
which may be removed when they need clean- 
ing. 

Ques. 234. What should be the ratio of the 
water-jacket space around the cylinder, to the 
bore of the cylindert 

Ans. Not less that one eighth of the bore, 
and the space surrounding the head combustion 
chamber should be not less than one sixth of 
the cylinder bore. 

Ques. 235. At what temperature should the 
jacket water be kept in order to attain the 
greatest degree of fuel economy? 
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Ans. Slightly below the boilìng point (212^ ) . 

Ques. 236. What ìs the fonetion of a iini- 
versal jointf 

Aiì8. A universal joint ia used on some typea 
of automobiles in order te allow the rear wheels, 
and axle to accommodate themselves to the ìn« 
equalities of the road surface. 



Ques. 237. Is kerosene available as a fael 
for esplosive motorsf 

Ans. It is to some extent. 

Ques. 238. What is the specifie gravity of 
kerosene T 

Ans. It varies from 0.78 to 0.82, and it has 
a vapor flashing point at 120'' to 125° F. 

Ques. 239. What is the ignition point of 
kerosene? 

Ans. 135° F; and it boils at 400° F. 

Ques. 240. What volume of air is required 
for the combustion of one cubie foot of the 
vapor of kerosene? 

Ans. 76 cubie f eet of air to 1 cu. ft. of vapor. 

Ques. 241. What is the beat vaine of one 
pound of kerosene? 

Ans. 22,000 beat unita. 

Ques. 242. To what other uses may kerosene 
be put in connection with automobile operation T 

Ans. It is a good cleansing agent. If in- 
jected into the motor cylinders and allowed to 
remain over night it will remove ali deposìts 
from the piston heads and cylinder walla. 
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Ques. 243. If a knocking or pounding is 
heard in the motor while running what does it 
indicate! 

Ana. It is an indication that something is 
wrong wìth the machine. 

Qnes. 244. What kind of a sound is pro- 
dnced by premature ignitionT 

Ans. A deep, heavy pound. 

Ques. 245. Mention some other causes of 
knocking and poundingT 

Ans. Badly wom,. or broken piston rings. 
Improi>er valve seating. A badly wom piston. 
Piston striking a projecting point in the com- 
bustion chamber. A loose wrist pin. A loose 
journal box cap, or lock nut. A broken spoke, 
or web in the fly-wheel. Fly-wheel loose on its 
shaft 'Explosions during the exhaust, or the 
admission stroke, due to mis-fire. Ignition un- 
duly advanced* Crank pin may not be at right 
angles to the connecting rod. The chain may 
be loose» and jump one of the sprocket teeth. 
Bearings at either end of connecting rod may 
be too loose. 

Ques. 246. Where are knuckle joints used f 

Ans. For connections in Steering Mechan- 
ism. 



Ques. 247. What care should be given the 
acetylene lamps of an automobile f 

Ans. Wires should be passed through the 
gas, and air aperatures at intervals in order to 
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keep them clear. The bumers should be un- 
screwed occasìonally and blown through, and 
the interior of the bumer body be scraped 
clean of deposit. The lenses also should be kept 
brightly polìshed. 

Ques. 248. What is a good solution f or clean- 
ing the lens Mirrorsf 

Ans. Equal parts of alcohol and water. De- 
natured alcohol is good for the purpose also. 

Ques. 249. What should be done with the 
condenser when used in connection with the 
lighting system? 

Ans. It should be located dose to the lamps 
where it will catch ali the condensation from 
the gas passing to the bumers. It should be 
emptied at intervals, and ali mud and other 
sediment cleaned out. 

Ques. 250. Mention two defects that are 
liable to cause serious leakage of currentf 

Ans. Moisture in the mica insulation of the 
electrode ; second, a bridge of carbon. Bemedy : 
dry out insulation thoroughly, and clean lower 
end with a brush, and a little gasoline. 

Ques. 251. "Wliat is a common cause of leak- 
age of gasoline? 

Ans. A vcry small hole in the float of the 
carbureter will cause it to flood. 

Ques. 252. How may it be foundf 

Ans. By putting the float into boiling water, 
and watching for bubbles. 

Ques. 253. How may leaky joints in gaso- 
line, or water pipes be made tight temporarilyT 
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Ans. By means of coarse linen, or canvas 
covered with a paste of litharge and glycerino, 
which in turn should be covered with adhesive 
tape. 

Ques. 254. Mention a few peculiar places in 
which loose connections are liable to oceur in the 
ignition system f 

Ans. A platinum tip may get free from its 
carrying screw; a lead lug may break inside a 
Storage battery celi; a copper wire may break 
inside its unbroken cover. 

Ques. 255. What is absolutely essential to 
ensure easy running, and the reduction of fric- 
tion to a minimum? 

Ans. To see that ali rubbing surfaces are 
supplied with a sufficient quantity of the kind 
of lubricating oil adapted to the conditions. 

Ques. 256. What qualities should the oil 
used in motor cylinders possessi 

Ans. It should bave a flashing point of not 
less than 500^ P, and a fire test of at least 600° 
F, together with a specific gravity of 25.8. 

Ques. 257. Is graphite a good lubricant to 
use on automobiles? 

Ans. It is mainly useful for plaìn bearìngs, 
and chains. It may also be used to advantage in 
the cylinders, ìf fed in small quantitìes, and uni- 
formly. 

Ques. 258. "What is the chief danger occur- 
ring from the use of graphite in the cylindeià .• 
Ans. Clogging the valves. 
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Qaes. 259. Describe the operation of the 
splash system of lubricationT 

Ans. The oil flows by gravity from a tank 
ìnto the crank case which is air tight. From 
there it is splashed over the piston, and bear- 
ings. 

Ques. 260. How often shonld this oil be re- 
newed f 

Ans. Every 100 miles mn on small motors, 
and every 75 miles on large ones. 

Ques. 261. Describe the force f eed system of 
lubrication T 

Ans. The oil is forced by a power driven oil 
ptunp through adjnstable condnits to the vari- 
ons bearings, in such qnantities as are needed. 

Qnes. 262. How does the weather affect the 
lubrication of a motorf 

Ans. In cold weather the oil will thicken up, 
thus requiring a different adjustment of lubri- 
cators from that found suitable in warm 
weather. 

Ques. 263. What precautions should be ob- 
served regarding oil pipes and conduitsT 

Ans. They should be kept thoroughly clear 
and f ree from deposits, in order that the oil may 
have an unobstructed passage. 

Ques. 264. How are the differential, and 
change speed gears lubricatedf 

Ans. Oear boxes should be kept a little less 
than half full of oil, which should be changed 
at periodic intervals, and the gears cleaned. 
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Qnes. 265. What attention should be given 
the wheels, in the way of lubrìeationt 

Ans. They should be cleaned, and packed 
with grease once or twìee a season. 

Ques. 266. How are the latest designa lubri- 
catedt 

Ans. Through the shaft or azle from the 
gear box. 

Ques. 267. On shaft driven cara when the 
shaft runs through a sleeve, what is requiredt 

Ans. The shaft requires to be daily lubri- 
cated. 



Ques. 268. When it beeomes necessary to re- 
move a Magneto for repairs, what should be 
donet 

Ans. See that ali separable parts are prop- 
erly markedy in order to facilitate re-assem- 
bling. 

Ques. 269. What two invportant elements 
are to be considered in the design of a mani- 
foldt 

Ans. First, length, which in a single cyl- 
inder motor should be four times the stroke; 
Second, Area, which should equal one-quarter 
the area of the piston. 

Ques. 270. What other important point is 
to be considered in designing a manifold for a 
Multi-cylinder Motor t 

Ans. The delivery of an equal weight of the 
misture to each of the cylinders. 
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Ques. 271. Describe the action of a two port 
motor? 

Ans. The first stroke of the piston produces 
a vacuum in the crank case, and the mixture 
rushes in through the check valve in motor 
case. The second stroke compresses the mix- 
ture, and when the inlet port is uncovered the 
mixture surges into the cylinder. The third 
stroke compresses the mixture entrapped in the 
cylinder, as both ports are then covered by the 
piston, and at the proper moment the mixture is 
ignited. 

N 

Ques. 272. Describe the construction of a 
needle valve 1 

Ans. It has a cone point, and a very fine 
thread on the stem. 

Ques. 273. Describe the composition of a 
non-freezing solution for use in cooling radi- 
ators in cold weather? 

Ans. To 15 Ibs. chloride of calcium add 1 
gallon of water. After the solution has be- 
come saturated add 2 to 3 gals. more of water ; 
and a little lime to neutralize acidity. This 
solution freezes at 15® below zero, F. ' 

Ques. 274. What will he the result if the 
water freezes in the water-jackets ? 

Ans. The jackets will burst unless they are 
made of copper. 

Ques. 275. If the car is to be kept in a cold 
building when not in use, what should be done T 



Catechism 63 

Ans. The water shonld be completely drawn 
off from the jackets. 

Ques. 276. When the car is to left standing 
outside f or an hour or so in cold weather, what 
should be donet 

Ans. The motor and radiator may be eovered 
with eloths or laprobes, thus retaining a por- 
tion of the beat. 

Ques 277. How is gasoline affected by cold 1 

Ans. It does not vaporize so readily, and ìt 
is neeessary to supply extra beat to the carbu- 
reter. 

Ques. 278. Should fire ever be used directly 
for warming the carbureter, or other parts of 
the motor t 

Ans. It should not. Hot water may be used 
provided none is allowed to get into the gaso- 
line tank. Another method is to wring eloths 
out of hot water and apply them. 



Ques. 279. Can oìl be used as a eooling 
medium for explosìve motors? 

Ans. It can be used most effectively in the 
summer time, as it is then more easily cir- 
culated through the radiator. 

Ques. 280. What kind of oil is used for this 
purpose! 

Ans. Any common grade of machine oil. 

Ques. 281. What is meant by an offset crank 
shaft? 

Ans. A crank shaft, whose center is not ex- 
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actly in line with the centers of the eylindera» 
but is set slightly to one side. 

Ques. 282. What is the object sought in thia 
type of constmctiont 

Ana. To bave the eonneeting rod in the exact 
vertical position when maximum compression, 
ignition, and pressure occur. 

Ques. 283. What advantage is gained 
therebyt 

Àns. It is claimed that the force of the ex- 
plosion will then come on the eonneeting rod 
endwiscy and the piston will not be unduly 
pressed against the cylinder walls. 

Ques. 284. In timing the valves of an off- 
set crank shaft engine what additional factor 
must be taken into account! 

Ans. The inclination of the axis of the eon- 
neeting rod. 

Ques. 285. Describe the action of the two 
cylinder opposed motor when in operationt 

Ans. During one-half revolution of the 
crank shaft, one cylinder is compressing while 
the other is exhausting. During the next half 
revolution, the first cylinder will be firing, and 
the second will be drawing in ita charge. Dur- 
ing the next half tum, the first cylinder will 
be exhausting, and the second compressing, and 
during the next half tum, the first cylinder will 
draw ita charge, while the second is firing, thus 
giving a power impulse in every revolution of 
the crank shaft 
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Ques. 286. What is the main cause of over- 
heating of cylinderB of explosive motorsT 

Àns. Too much gasoline ; too rich a misture. 

Ques. 287. Mention some other causes of 
overheatingt 

Àns. Insufficient cylinder lubrication. Wear 
of cams, tappeta and valve stems. Deposit of 
a thin film of scale inside the circulating pipe, 
and radiator. 

Ques. 288. What is the immediate effect of 
overheatingt 

Ans. To bum up the oil in the cylinders and 
crank case. The motor wili begin to pound, and 
the cooling water to steam. 

Ques. 289. What other serious result usually 
foUows overheatingst 

Ans. The motor will gradually slow down 
and finally stop, with the lubricating oil bumt 
up, and the pistons expanded and gripping the 
cylinders. 

Ques. 290. What should be done when 
symptoms of overheisiting manifest themselvest 

Ans. The motor should be stopped at once, 
and kerosene freely injected into the cylinders, 
while the engine is tumed by band to free the 
piston rings. Then allow the parta to cool. 

Ques. 291. Should cold water be poured over 
the outside of the cylinder jackets to cool them t 

Ans. No, because there is danger of crack- 
ing them by so doing. 

Ques. 292. Oive a simple method of testing 
for an overheated motor t 
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Ans. Let a few drops of water fall oc the 
head of the cylinder. If it sizzles for a few 
moments the overheating ìs not bad, but if 
the water at once turns ìnto steam the case ìs 
serious. 

Ques. 293. What else may be done to cool 
the motor? 

Ans. Detach the spark plugs, and tum the 
starting crank slowly. This will draw cold 
air into the cylinders and thus cool them in- 
side. 



Ques. 294. Deseribe in brief the various 
kinds of packing used on explosive motorst 

Ans. Asbestos, made in the form of sheets, 
also in the form of woven cloth, and as string 
or rope. Rubber, in sheets either plain, or with 
alternate layers of canvas and rubber. Bub- 
berbestos, and vulcabestos, made of rubber im- 
pregnated with rubber and afterwards vul- 
canized. 

Ques. 295. Is paper a safe material to use 
for shims, of any sort? 

Ans. It is not, as it is not reliable where 
pressures are high, and intermittent. If used 
at ali it should be saturated with shellac, and 
squeezed in place before the shellac dries. 

Ques. 296. Give a list of extra parts that 
should be carried on a cart 

Ans. Bolts and nuts; chain links; dry bat- 
tery cells; extra valves; inner tube; insolated 
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wìre; packing; spark plugs; split pins; sticky 
tape; valve springs; washers. 

Qiles. 297. Is there any advantage gained 
by mixing pieric acid with gasoline for use in 
explosive motore? 

Àns. An inerme of 20 per cent in motor 
efficiency is claimed for the picric-gasoline mix- 
ture. 

Ques. 298. Describe the construction of 
a piston used in a gasoline angine t 

Ans. It is of the single acting, or trunk 
type, made of cast iron, and tumed to a good 
working fit in the cylinder. Near the upper 
end three or four grooves are cut entirely 
around its outer circumference ; and in these 
grooves the packing rings are sprung. 

Ques. 299. What is meant by piston dis- 
I^acement? 

Ans. The volume swept out by the piston. 
It equals area of piston multiplied by length 
of stroke. 

Ques. 300. What mie should govem the 
length of a piston when designing one? 

Ans. For vertical cylinder, piston length 
should not be less than its diameter; for bori- 
zontal cylinder, piston length should be never 
less than one and one-third diameters. 

Ques. 301. What law govems the velocity 
or speed of the piston in an explosive motor ? 

Ans. The velocity of the piston must be con- 
siderably less than the rate of combustion of 
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the explosive mìxture, in order that the motor 
may develop power. 

Ques. 302. What is the estimated maximum 
speed limit, or piston velocity? 

Ans. Between 14 and 16 feet per second. 

Ques. 303. What is the best material for 
the contact points of the vibrator of an induc- 
tion coilt 

Ans. Platinum. 

Ques. 304. How may the polarity of elec- 
tric terminals be ascertainedt 

Àns. Place the ends of the wires on opposite 
ends of a piece of moistened litmus paper. The 
negative pole will tum the paper red. 

Ques. 305. Is porcelain a good material for 
insulation purposest 

Ans. It has higher insulative properties than 
lava, or mica, but it is more liable to break 
from too sudden change of temperature. 

Ques. 306. What is the most obvious cause 
of pounding in an esplosive motor t 

Ans. The spark, or ignition too far ad- 
vanced. 

Ques. 307. Name some of the principal 
causes of preignitiont 

Ans. High compression; carbon or dirt on 
the piston head ; sharp comers, and projections 
on inside of combustion chamber for soot or 
carbon to accumulate on. 

Ques. 308. What is the best lubricant for a 
pumpt 

Ans. Orease, and it should be stiff enongh to 
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prevent ita being washed away hy the water, 
and carrìed into the radiator. 

Quea. 309. What law govems the action of 
a centrifugai pumpt 

Ans. The height of the lift depends upon 
the tangential force. 

Ques. 310. What should be the minimom 
peripheral velocity of the pump wheelt 

Ans. 500 f eet per minate. 

Ques. 311. What is a good indication that 
the pump is not properly working! 

Ans. Steam issuing from the relief or ont- 
let of the water circulating i^stem. 

Ques. 312. How may the pump be tested be- 
fore startingt 

Ans. Run the motor for a few. minutes. If 
the temperature of the pipes is uniform, the 
circulation is aU right 

B 

Ques. 313. What rule should govem in the 
design of a radiator T 

Ans. That the maximum surface should be 
exposed to the air, and the greatest freedom 
afforded for circulation of the cooling medium. 

Ques. 314. What advantages attach to the 
circular tube for a radiator T 

Ans. Minimum resistance offered to flow of 
liquìd. Greatest strength for given weight. 
Minimum weight of tube for given cubie con- 
tent of liquida 
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Qiies. 315. What is the disadvantage of the 
eireular tube radiatort 

Ans. Minimum radiating surface presentod. 

Ques. 316. What can he said in favor of the 
cellular type of radiators? 

Ans. They are more easily cleaned of mud 
than any other type. 

Ques. 317. What disadvantage attaches to 
the honey-eomb radiatort 

Ans. The large number of joints is likely 
to he a cause of leakage. They are also more 
difficult to repair on the road, than the tubular 
type with radiating pins, or discs. 

Ques. 318. How many square f eet of radiat- 
ing surface per borse power is required in the 
thermo-siphon, or naturai water circulation 
system of coolin|*t 

Ans. About 5 sq. ft. per borse power de- 
veloped. 

Ques. 319. What is the most common cause 
of a radiator cap sticking? 

Ans. Expansion of the threaded ring on 
which it screws. This is caused by extreme 
beat, and the cap will pnscrew easily when 
cold. 

Ques. 320. When, therefore, is the best lime 
to fili a radiatori 

Ans. Before beginning the mn. 

Ques. 321. In case it becomes necessary to 
unscrew a radiator cap when hot what should 
be done? 
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Ans. Cool the base of the ring under the cap 
bnt do not cool the cap itself. 

Qnes. 322. In regard to reversing of a car, 
what should the driver always rememberT 

Ans. The reverse gear of a sliding change 
gear should never be engaged until the car has 
been brought to a full stop. 

Ques. 323. What is a rheostat T 

Ans. A device for regulating the flow of cur- 
rent in a closed electrical circuit. 

Ques. 324. How is this accomplished with a 
rheostat t 

Ans. By introducing a series of graduated 
resistances into the circuit. 

Ques. 325. What precautions should be oh- 
served regarding ali rubber supplies? 

Ans. They should be kept from contact with 
oil, kerosene, gasoline or grease. 

Ques. 326. What is the maximum temper- 
ature to which vulcanized rubber should be ex- 
posedt 

Ans. 130 degrees F. 

Ques. 327. How may a good rubber cement 
be made. Give formula? 

Ans. 1 Ib. caoutchouc; 1 gal. coal tar 
naphtha; 20 Ibs. shellac. Heat gently, and 
pour on metal plates to solidify. When needed 
TTielt. 

Ques. 328, Ci ve a formula for gutta-percha 
cement 1 

Ans. Two parta gutta-percha to one pari 
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common pitch. Melt together, and stir well 
while melting, after which pour into cold water. 

Ques. 329. What is included in the complete 
ninning gear of an automobile! 

Àns. The frame, springs, wheels, motor, 
speed change gear, axles and ali machinery ex- 
cept the body. 

Qnes. 000. What is the ranning gear usually 
calledT 

Àns. The chassis, a French word pronounced 
chassee. 

8 

Ques. 330. How may a scratched cylinder 
be temporarily repairedt 

Ans. By filling the scratches with Silver 
solder, and scrapìng flush with the bore. If 
the scratches are not too deep the cylinder can 
be rebored, and a new set of piston rings put 
in. 

Ques. 331. What is the limit to increase of 
bore for a cylinder t 

Ans. About one-sixteenth of an inch. 

Ques. 332. What is one of the most usefu) 
tools to be carried on a cart 

Ans. A good screw-driver. 

Ques. 333. Define the secondary current of 
an ignition system! 

Ans. The current that is induced in the fine 
wire of the induction coil by the sudden reversai 
of the magnetism of the core, which latter is 
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eaused by the sudden interruptìon of the pri- 
mary current. 

Ques. 334. What are some of the causes of 
self-firing of an explosive motort 

Ans. An insufficient supply of lubricating 
oil, thereby cansìng the eylinders to overheat; 
the presenee of soot in combustion chamber; 
water eireulation working badly, causing the 
motor to overheat. Self-firing implies that the 
motor continues to run after the ignition cur- 
rent is switched off. 

Ques. 335. What are the principal advan- 
tages connected with the shaft drive? 

Ans. Absenee of noise ; the ease with which 
ali parts may be housed in oil ; protection f rom 
dust. 

Ques. 336. Mention some of the disadvan- 
tages attached to the shaft drive t 

Ans. It is difSeult to repair; it is compii- 
cated ; it has considerable end thmst. 

Ques. 337. How may aluminum be cleaned ? 

Ans. By washing the dirty surface with 
hyposulphate of soda; then rinse with water, 
and dry. 

Ques. 338. What is the best lubricant for 
the cupped leather washer of the tire pump 
pistont 

Ans. Vaseline, as it clings to the leather. 

Ques. 339. Upon what does the effieciency 
of the motor, to a large extent dependt 

Ans. Proper regulation of the sparking de- 
vìce. 
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Ques. 340. Wliat will result if the spark 
plugs are allowed io become dirty? 

Ans. Mis-firing. 

Ques. 341. What is the proper method of 
cleaning a spark plug? 

Ans. Wash the points of the plug wìth a 50 
per cent solution of muriatie acid applied with 
a tooth brush. 

Ques. 342. What is the function of the 
speedometert 

Ans. To register the speed of the car, and 
the distance traveled. 

Ques. 343. How is the speedometer drivent 

Ans. By means of a large gear attached to 
the hub of the wheel, which meshes into a small 
gear at the end of a flexible revolving cable 
which in turn drives the instrument. 

Ques. 344. Are short springs desirable in an 
automobile? 

Ans. They are not, for the reason that they 
are more liable to break, than longer springs 
are. 

Ques. 345. What important factor must be 
considered in the design of springs T 

Ans. The elastic limit with regard to the 
dead, and maximum load to be carried by the 
car. 

Ques. 346. What care can be given to 
springs tending to prolong their life? 

Ans. The surfaces of the leaves may be 
lubricated at intervals, also the toggles and 
links. 
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Ques. 347. What should be done with the 
steering gear at frequent intervalst 

Ans. It should be cleaned, and well oiled. 

Ques. 348. What advantages are possessed 
by steam motors as compared with explosive 
motorst 

Ans. Speed varìations are obtained with- 
out the shifting of gears; they will start with- 
ont cranking ; they are noiseless, and are better 
for climbing hills. 

Ques. 349. Name the princìpal parts of a 
steam motor for driving an automobile t 

Ans. The boiler, the steam engine, the con- 
denserà the water pump, gasoline pump and the 
pilot lamp. 

Ques. 350. What type of boiler is available 
for automobile service? 

Ans. The water tube type, only, and it 
should be of light construetion and yet able to 
withstand very high pressures. 

Ques. 351. What kind of fuel is generally 
used under the boiler? 

Ans. Gasoline, which is passed under pres- 
sure through a vaporizer, and thence to the 
bumer where it mixes with the air, and bums. 

Ques. 352. How is the boiler suppUed with 
water? 

Ans. From a small tank or reservoir the 
water flows to the feed pump, which forces it, 
first through the feed water heater located in 
the exhaust pipe leading to the condenser, 
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where it absorbs considerable beat from tbe 
exhaust steam. From there into the boiler. 

Ques. 353. What is the function of the pilo! 
light in connection with a steam motor? 

Ans. It is twofold; first for heating the 
vaporizer, and second for lighting the bumer, 
as the fuel is generally supplied only intermìt- 
tently to the bumer, depending upon the steam 
pressure, which automatically regulates it. 

Qnes. 354. Wherein does the steam engine 
differ from the gasoline, or explosìve engine 
used on antomobiles? 

Ans. A steam engine exerts power at each 
stroke of the piston. With the explosive en- 
gine, power is exerted only at every fourth 
stroke, or at best every alternate stroke. 

Ques. 355. What type of steam engines are 
in use on automobilesf 

Ans. Two cylinders, with cranks set at 90 
degrees to each other. The engines bave re- 
versing valve gear, and may be either simple or 
compound. 

Ques. 356. Explaìn what is meant by a 
simple engine f 

Ans. A simple engine is one in which the 
steam having done ìts work in the cylinder is 
permitted to pass into the exhaust pipe, either 
to the atmosphere, or to a condenser. 

Ques. 357. Explain the principles of the 
compound engine ? 

Ans. A compound engine consists of never 
lesa than two cylinders, and in many cases 
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more. In the two cylinder compound, such as 
are used on steam automobiles, one of the cyl- 
inders is called the high pressure, and the other 
the low pressure cylinder. Steam passes f rom 
the boiler first to the high pressure cylinder in 
which it does work, and from thence it passes 
to the low pressure cylinder which is always of 
larger bore than the high pressure. The steam 
now acts against the low pressure piston, doing 
work, and is then allowed to exhaust either into 
the atmosphere, or into a condenser. 

Ques. 358. What types of valve gear are in 
general use on steam automobilesf 
. Ans. There are two— the Stephenson link 
motioUy and the Joy valve gear. 

Ques. 359. What are the duties of the 
chauffeur after the day's run is finished, and 
the car is run into the garage? 

Ans. First, shut the battery switch, and re- 
move the plug; dose ali oli cups and lubrì- 
cators ; shut off the gasoline if there is no float 
in the carbureter; if in winter and the car is 
to stand in a cold place, drain off the water 
from circulating system; wìpe off motor, and 
see that it is ready for the next run; when 
cleaning the motor examine ali bolts and nuts, 
and ali other points needing adjustment; note 
the condition of journals, and bearings, and 
if any are unduly hot, ascertain the cause of the 
heating. 

Ques. 360. Give a list of supplies that will 
be found very useful to carry on a long tript 
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Ahs. Asbestos, bolts and nuts, copper wire, 
emery cloth, emery powder, funnel, extra can 
of gasoline, gaskets, iron wire, machine screws, 
rope (small, strong), rubber pail, adhesive tape, 
washers. 

Ques. 361. What is the advantage of a three 
poìnt suspension for automobile frames? 

Ans. Freedom of the power plant from 
stress, ali parts remaining in perfect alignment. 



Ques. 362. What is a tachometerf 

Ans. An instrument for indicating the num- 
ber of revolutìons made by a shaft in a unit of 
time — ^usually one minute. 

Ques. 363. How is the capacity in gallons of 
a cylindrical tank aseertained? 

Ans. Multiply the area of the cross section 
in square inches by length of tank in inches, 
and divide by 231. 

Ques. 364. What precautions should be ob- 
served regarding gasoline tanksf 

Ans. Never put water into the tank. Al- 
ways use a wire gauze-lined funnel. If the 
screwed cap for the inlet gets lost, get a new 
one ; don't use a cork ; small bits of the cork are 
lìable to get into the carbureter. 

Ques. 365. How should ignition batteries be 
testedt 

Ans. (Jet a 4 or 6 volt one-ampere incan- 
descent lamp, and after cutting the battery out 
of the charging circuit, put the lamp in the bat- 
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tery eircuit for a few seconda only. If the bat- 
tery is fully charged the lamp will give out a 
brìlliant light 

Ques. 366. What is the difference between a 
single tube, and a doublé tube tire T 

Ans. In a single tube tire the inner, or air 
tube is vulcanized to the outer tube. In a 
doublé tube they are separately attached to the 
rim of the wheel, and are not in contact, except 
when the inner tube is inflated. 

Ques. 367. What advantage has the single, 
over the doublé tube tire in the matter of re- 
pairsf 

Ans. A puncture through the tread of a 
single tube tire may be repaired by using rivet 
shaped rubber patches. With a doublé tube 
tire it is necessary to remove the casing from 
the rim of the wheel, in order to cement suitable 
patches upon the inner tube. 

Ques. 368. What is implied in the term 
tonneau used in connection with automobilesT 

Ans. The rear seats of a car. 

Ques. 369. Describe in a general way a 
touring carf 

Ans. The rear seats are non-removable ; it 
has a carrying capacity of 5 to 6 persons; the 
motor ranging from 16 to 24 borse power; and 
the running radius is from 50 to 75 miles on 
one charge of gasoline and water. 

Ques. 370. Mention a list of touring sup- 
plies to be carried in addition to those already 
^numerated T 
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Ans. Acetylene (carbide of calcimn), cyl- 
inder oil, goggles, lap robe, lamp oil, lubricating 
oil, storm apron, tire bandage, waste, whiskey 
(for medicai use only). 

Ques. 371. What ìs the fonction of the tor- 
sion rodf 

Ans. To prevent the twisting strain imposed 
by the shaf t f rom reaching to, and affecting the 
frame at the rear end. 

Ques. 372. What is meant by the traction of 
the drìving wheelsf 

Ans. The puah in x)Ounds exerted by the 
rims of the wheels against the ground, multi- 
plied by speed of car in miles per hour. 

Ques. 373. What is the estimated efficiency 
of the various forms of power transmissionf 

Ans. Single chain with direct drive, 85 per 
cent; two chain drive from motor to speed 
change gear, thence to rear axle, 75 per cent; 
doublé chain with right angle drive, 70 per 
cent; longitudinal shaft drive, universal joints, 
and bevel differential, 65 per cent. 

Ques. 374. Should a motor be slowed down 
by throttling the chargef 

Ans. Not until the ignition has been retarded 
as far as possible. 

Ques. 375. Is copper tubing serviceable for 
piping the gas to the lamp bumersf 

Ans. It is used to a large extent, but it is 
liable to erosion by the gas. Standard % in. 
gas pipe is better, and lasts longer. 
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Ques. 376. What is meant by the ezpression 
unit of heatT 

Ans. A beat unit (B. t. a.) is tbe quantity 
of beat required to raise tbe temperature of one 
pound of water one dcgree, or from 39° to 40** 
F. Tbe beat unit is used for calculating tbe 
quantity of beat contained in any form, and 
known weigbt of matter. 

Ques. 377. How may tbe number of beat 
units in a given number of pounds of gasoline be 
ascertainedf 

Ans. By tbe amount of energy, or work 
(expressed in borse power) developed by tbe 
complete combustione explosion, and expansion 
of tbe given weigbt of gasoline, assuming tbat 
none is lost. 

Ques. 378. Wbat is tbe mecbanical equiya« 
lent of beat, or ratber of one beat unitf 

Ans. 778 foot pounds. 

Ques. 379. Wbat is a foot pound f 

Ans. One pound weigbt raised one foot 
bigb. 

Ques. 380. How is borse x)0wer calculated 
from tbe above mentioned dataf 

Ans. One H. P. equals 33,000 Ibs. raised one 
foot bigb in one minute of time. One beat unit 
equals 778 foot Ibs., or 778-^-33000 = about 
1/43 of a borse power. 
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Ques. 381 What care shonld be given the 
valves of an esplosive motorT 

Abs. They should be ground in at frequent 
interrals, using fine emery and oil, then finish 
with tripoli and water. Badly pitted valves 
should be replaced by new ones. 

Ques. 382. What is liable to result from 
an exhaust valve stickingf 

Ans. The motor may suddenly stop. 

Ques. 383. What should be done in such a 
case? 

Ans. The valve should be removed, and the 
stem be eleaned and scraped, and if ìt is warped 
it should be straightened. If the valve stili 
leaks it should be ground to its seat. 

Ques. 384. Wliat is the function of the aux- 
iliary air valve with the float feed carbureterT 

Ans. To provide a larger air inlet for low 
speedSy than for high speeds. 

Ques 385. How should the exhaust valve be 
timedf 

Ans. So as to open slightly before the be- 
ginning of the inward stroke, and close at the 
end of the same stroke. The next inward stroke 
is the compression stroke when both valves 
should be closed. 

Ques. 386. Where is the butterfly valve 
usedf 

Ans. In the admission pipe between tho Oif* 
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bnreter and the admission valve of the motor. 

Ques. 387. What is ita functionf 

Ans. To regolate, or throttle the supply of 
esplosive misture to the motor. 

Ques. 388. What is the function of the 
swing-check valve T 

Ans. It is attached to the air inlet opening 
of the carbureter to prevent leakage of the mix- 
ture, when suction operated admission valves 
are used. 

Ques. 389. Where is the globe valve gen- 
erally usedT 

Ans. In the pipe leading f rom gasoline tank 
to carbureter. By it the supply of gasoline may 
be entirely shut off. 

Ques. 390. What objections are there to an 
eccessive clearance between the valve lifters 
and valves T 

Ans. (1) Vertical hammering, causing un^ 
necessary noise; (2) sidewise pressure im- 
posed on the valve lifters by the cams. 

Ques. 391. About what clearance should be 
allowed for expansion of valve stemsT 

Ans. The thickness of a business card. 

Ques. 392. What is meant by '4ead" of 
valves ? 

Ans. Adjustment of the timing so that the 
valves open slightly before the completion of 
the particular part of the cyde they are in- 
tended to perform. 

Ques. 393. What general mie govems the 
giving of "lead" to valves? 
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Ans. The hìgher the speed of the motor, the 
greater the necessity for lead. 

Ques. 394. What objections attend the use 
of vaporìzers in connection with carburetersT 

Ans. They are wasteful of gasoline, and re- 
quire f requent adjustment. They permit an ex- 
cessive flow when the tank is full, and restrict 
it when the tank is nearly empty. 

Ques. 395. Upon what does the saturation 
poìnt for any given vapor dependT 

Ans. Upon the temperature. 

Ques. 396. What is meant by vapor tension T 

Ans. The pressure exerted by the vapor in its 
saturated state. 

W 

Ques. 397. How many systems of water cir- 
culation are. in use on automobiles for cooling 
the motor cylindersf 

Ans. Two; the naturai, or thermo-siphon 
system, and the f orced water circulation. 

Ques. 398. Explain the operation of the 
thermo-siphon system T 

Ans. Gold water being heavier than hot 
water, the circulation is obtained by having a 
head of water in a tank located above the level 
of the cylinder water- jacket, and as the water 
in the jacket is heated, the cooler water from 
the tank flows in, forcing the heated water to 
talee its place in the tank, an automatic circula- 
tion being thus kept up. 
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Qnes. 399. How is forced circulation of the 
coolìng element mamtamedf 

Ana. By means of a rotary pump ; the water 
passìng from pump to jackets, thence to the 
radiators, on to the tank, and back through the 
pump agaìn. 

Ques. 400. "What ìs the meaning of a watt- 
hourT 

Ans. The voltage of the current multiplied 
by the rate of flow in amperes per hour gives 
the rate of energy expended in watt-hours. 

Ques. 401. Descrìbe the wipe-spark ìgnition 
system! 

Ans. A form of primary sparking device 
used on some gasoline motor cars, but used prin- 
cipally on marine and stationary gasoline 
motors. The make and break is between a 
rocker arm on the side of the combustion cham- 
ber, and a spring plunger above the end of the 
arm, and in the center of the cylinder head. 

Ques. 402. What will be the effect of the 
breakage of a wire in the ignition system of 
a single cylinder motor f 

Ans. The instant stoppage of the motor. 

Ques. 403. How wouid such an accident af- 
fect a multi-cylinder car, provided it was not 
the main circuitf 

Ans. It would probably slow the car, with 
the result of explosions in the mu£9er. 

Ques. 404. What.causes wire-drawìng of the 
mixture in carburetersT 

Ans. A restricted intake. 
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Ques. 405. What are some of the bad effects 
of such wire drawing? 

Abs. ExcesBÌve noises; redoction of power 
and waste of gasoline. 

Ques. 406. Can wood-alcohol be nsed to any 
advantage in ihe cooling system of an esplosive 
motori 

Ans. There is no particular advantage in 
using it, except to dispense with the use of 
water. The liability to freeze in cold weather 
is lessened however. 



Ques. 407. Upon what principle is the ac- 
tion of the Xardell muffler basedT 

Ans. A vacuum is employed to create a sue- 
tion upon the exhaust gases coming from the 
motor. 



Ques. 408. What is absolute zerof 
Ans. A condition in which there is absolutely 
no vibration of the molecules, and consequently 
no beat It has been calculated from experi- 
ments and observations to be a temperature of 
461® below zero Fahr. 



Ref erence tables 

601 Front azle with yokes and spring rapportai 

502 Bight Bteering knuckle. 

503 Lef t Bteering knuckle. 

504 Front springs. 

505 Front spring clips with crotf pieceii 

506 King bolte and nata. 

507 Inside annular front hearing. ^ 

508 Ontaide annular front hearing. 

509 Nuts for spindle of knuckle. 

510 Lock washers for nuts on spindle. 

511 Steel dust waahers: 

512 Felt dust waakers. 

513 Front conneeting rod complete with adjusting 

ends. 

514 Adjusting end right hand thread front. 

515 Adjusting end lef t hand thread front. 

516 Cono screwB, nuts and brasa cones for front 

adjusting ends. 

517 Bear conneeting rod complete, adjusting end 

and bau fod adjuster. 

518 Adjusting end rear conneeting rod. 

519 Cone serews, nuts and brass cones for rear con- 

neeting rt>d. 

520 Bau rod adjuster with bolts. 

521 Ball rod with adjusting ring. 

522 Bight hand front conneeting rod lock nut. 

523 Loft hand front conneeting rod lock nut. 

525 Bolts for holding spokes in hubs. 

526 Spring clip holdera. 

527 Hardened washer for knockleSi 

528 Ball rod braaaes. 

529 Bear conneeting rod lock nut. 

530 Front wheels with rims without tires and with* 

out bearings. 

531 Tina front and rear. 

87 



88 Automobile 

5S2 Washer inside front dnit cftp for holding In 
outside bearing. 

533 Front dnst cape. 

534 Bear dnst capa. 

535 Bear wheela with rima withont tirea and with- 

out bearinga: 

536 Ontaide rear annnlar hearing. 

537 Inaide rear annular bearing. 

538 Sleeve on apindle rear azle. 
530 Loeknuta for rear wheela. 

540 Lock nut waahera for rear wheeli. 

541 Dog elutehea. 

542 Inner azlea, right and left, aame length. 

544 Bear ontaide azle ineluding top bearing of drir- 

ing ahafty hub brake anpporta, rear apringa, 
supporta, acrew cover for gear case, aoxiliaiy 
bearing capa and truaa rod. 

545 Dìiferential gear eomplete. 

546 Large bevel geara. 

547 Bevel pinion. 

548 Annnlar bearinga on dilferentiaL 

540 Large nnta on dilferential for adjnsting bear- 
inga. 

550 Lock waahera between adjuating nuts on dif- 

ferential. 

551 Ball throat hearing. 

552 Nut back of ball throat on diiferentiaL 

553 Spnr gear inaide of diiferentiaL 

554 Spnr piniona inaide of dìiferential. 

555 Bolta holding apur piniona in diiferentiaL 

556 Holdera for rear apring hmnpen. 

557 Bubber for bnmpera. 

558 Lock apringa for duat captf. 

550 Anziliary bearing capa inaide of gear eaae. 

660 Sjpring hooka for large and amali brake haadi. 

561 Large brake bandai 

662 Small hrake ha&di. 
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M8 Hardened stcel wearìng platet for laift mud 

amali brake banda. 

M4 Cam diaft for large brake band. 

565 Cam ahaft for amali brake banda. 

5M Coirai apringa for large and amali brake banda. 

567 Leverà on eam ahafta. 

568 Bnpporting pina for large and amali brake banda. 

580 Tmaa rod under rear azle with two nuta: 

581 Cam diaf t waaher for large and amali brakeai 

582 Bight band front fender with irona. 

583 Left band front fender with irona. 

584 Bear fender with irona. 

585 Driving ahaft with nut for pinion and croaa pin. 

586 Annnlar bearing on drivìng ahaft baek of 

pinion. 
687 Annnlar bearing at front end of driving ahaft. 

588 Adjuating nnta on driving ahaft. 

589 Loek waaher for adjnating .nuta on driving 

ahaft 

590 8wi¥el hub front bearing capport for driving 

ahaft withont bearing. 

591 Sheet ateel dnat waaher over bearing and aerewa 

for aame. 

598 Fall dnat waaher over bearing. 

598 8wi¥el yoke. 

594 8wi¥el yoke braeket. 

595 Hinged tee for awiyel yoke. 

596 Steel bar throngh awivel yoke braeket. 

597 Special eap aerew holding awiyel yoke to top 

driying ahaft hearing. 

598 Three-eightha eap aerew holding top bearing of 

driving ahaft to tnbnlar caaing. 
999 TTniveraal joint, main hardened ateel poriion. 

600 Sqnarea in nniyeraal joint. 

601 15-16 i'-'^h eroaa pin throngh driving ahaft 
608 Sleere for nniveraal joint 

608 Bawhide eover for nniveraal joint 
604 d^ aerawa in vniveiaal joint ateere. 
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605 Nuta on imiyenal joint 

606 Washer between nuts on univenal joint. 

607 Fender brackets riveted io frame. 

608 Fender studs f or ronningboard. 

600 Pressed ateel frame with parta riveted on in* 
cluding front and rear spring loopa. 

. 610 Front apring loop, right. 

611 Front spring loop, left. 

612 Bear apring loop, righL 

613 Bear apring loop, left. 

614 Front apring braeketa. 
616 Bear spring braeketa. 

616 Brake and clutch ahaft braeketa. 

617 Bear apringa. 

618 Bear apring links. 
610 Front apring links. 

620 Bolts and nata f or front and rear apring links. 

621 Bolta and nata for attacking front apring te 

loop and rear apring to brackel 

622 B. H. front ranningboard aapporting iron. 

623 L. H. front runningboard aapporting iron. 

624 Bear aapporting irona for ranningboard. 

625 Bight band ranningboard with brasa edge atrìp. 

626 Left band ranningboard with braaa edge strip. 

627 Braaa edge atrip aroand ranningboard. 

628 Bubber mata on ranningboard. 

629 Tonnean steps. 

630 Tonneau stop braeketa. 

631 Bubber mat for tool box. 

632 Battery box. 

633 Tool box 

634 Daah braeketa. 

635 Bear loeker box. 

636 Tail lamp braekety brasa plated. 

637 Front lamp braeketa, braaa plated. 

638 Bight band aide lamp braeket, braaa pUted. 
680 Left band aids lamp bracket, brass pla1to9« 
640 Wood dask. 
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641 Almninum dash shield. 

642 Foot pedal bracket. 

643 Shaf t throagh foot pedala^ 

644 Brake foot pedaL 

645 Clutch foot pedaL 

646 Throttle pedaL 

647 Tapered washerff between elateh, brake and 

throttle pedaL 

648 Sqnare tube under dash. 

649 Aì^minr"» clutch wìth leather and springa under 

leather. 

650 Leather on clutch. 

651 SpringB under clutch. 

652 Clutch hub. 

653 Clutch hub aleeve. 

654 Ball thrust hearing back of dide. 

655 Clutch alide. 

656 Clutch yoke. 

657 Special cap acrewa f or clutch yoke. 

658 Clutch ahaft 

659 Clutch coupling. 

660 Clutch coupling aliding aquarea. 

661 Clutch coupling bolt (long). 

662 Clutch coupling bolt (riiort). 

663 Large apiral apring in clutch hnlf. 

664 Large hezagon head cap acrew holdic^ apiral 

apring in clutch hub. (Clutch atud.) 

665 Tapered pin and nut inaide of clutch atud. 

666 Thruat ball hearing and two waahera on clutch 

acrew. 

667 Clutch buffer complete with leather covered 

button. 

668 Clutch buffer brace. 

669 Clutch buffer button. 

670 Hezagon nut holding ateering wheel on atem. 
<)71 Steering ehuck. 

672 %teering atem with throttle and apark roda and 
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678 Steerìng post with knorled uni ai top. 

674 Spark collar. 

675 Throttle eoliar. 

676 Steering wheel with ratchet. 

677 Batehet and screwa for steering wheéL 

678 Spark levar on wheeL 

679 Throttle lever on wheeL 

680 Nnt holding spark lever to rod. 

681 Dnst tabe on steering ehnck. 

682 Dust tabe packing nat^ 

683 Spark beli erank lever. 

684 Braeket for spark beli erank lever. 

685 Timer rod. 

686 Throttle shaft with levers and throttle eam. 

687 Throttle shaft brachete. 

688 Bod and adjnster to throttle pedaL 

689 Carbareter rod and adjnster. 

690 Carbareter. 

691 Carbareter intake pipe with flange. 

692 Pipe nipple for carbareter. 

693 Carbareter air pipe. 

694 Àaziliary air inlet for carbarete^. 

695 Brake band lever. 

696 Brake band lever slide. 

697 ^>eeial serews in brake band lever slide. 

698 Controller band lever. 

699 Controller band lever catch. 

700 Grips for controller and brake band lever. 

701 Tension rode and ends for controller and band 

brake levers. 

702 Brake lever shaft with intermediate brake lever. 

703 Controller lever shaft. 

704 Short gear shifting lever. 

705 Spirai springs for band brake and eontroller 

lever rode. 

706 Bell erank datch lever. 

707 Brass hexagon nnt for controller shaft 
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678 Steerìng post with knorled uni ai top. 

674 Spark collar. 

675 Throttle eoUar. 

676 Steering wheel with ratchet. 

677 Batehet and screwa for steering wheéL 

678 Spark levar on wheeL 

679 Throttle lever on wheeL 

680 Nat holding spark lever to rod. 

681 Dnst tabe on steering chack. 

682 Dast tabe packing not 

683 Spark beli crank lever. 

684 Braeket for spark beli erank lever. 

685 Timer rod. 

686 Throttle shaft with levers and throttle eam. 

687 Throttle shaft braekets. 

688 Bod and adjaster to throttle pedaL 

689 Carbareter rod and adjaster. 

690 Carbareter. 

691 Carbareter intake pipe with flange. 

692 Pipe nipple for carbareter. 

693 Carbareter air pipe. 

694 Àaziliary air inlet for carbarete^. 

695 Brake hand lever. 

696 Brake hand lever slide. 

697 Special screws in brake hand lever slide. 

698 Controller hand lever. 

699 Controller hand lever catch. 

700 Grìps for controller and brake hand lever. 

701 Tension roda and ends for controller and hand 

brake leverà. 

702 Brake lever shaft with intermediate brake lever. 

703 Controller lever riiaft. 

704 Short gear shifting lever. 

705 Spirai springs for hand brake and controller 

lever rode. 

706 Bell erank dntch lever. 

707 Brasa hexagon nat for controller shaft. 
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708 Collar for controller shaft. 

709 Brake and eluteh slotted clevises wìth adjnst- 

ing endfl. 

710 Àdjusting endfl for ali brake rodtf and for brake 

and dutch slotted clevifles. 

711 Slotted cìeviees. 

712 Clntch tenflion rod. 

713 Long tension rod for hub brakeo. 

717 Loft outside brake tubing, wìth leverà and 

offset levers and bracket and mnffler support. 

718 Bight outside brake tnbing, with leverà and 

offset levenr and bracket. 

719 Inside shaft with lever and offset levers. 

720 Equalizing levers on ontside shaft for large 

brake. 

721 Cross bar on equalizing links. 

722 Springs for eqnalizing levers. 

723 Chain for eqnalizing levers. 

724 Eqnalizing link roda. 

725 Tenaion rods for large brake. 

726 Tension rods for small brake. 

727 Offset levers for large brake. 

728 Offset levers for small brake. 

729 Levers on inside shaft for small brake. 

731 Interlocking seetor. 

732 Interloeking seetor, roller and adjnster. 

733 Long eluteh lever. 

734 Hub brake cable with clevitf. 

735 Tnmbuckle for brake cable. 

736 Doublé damp for foci brake cable. 

737 damp and leather for foot brake cabla. 

738 Position holder for foot brake. 

739 Batchet bracket 

740 Inside bracket for controller shaft. 

742 BuBt pan under transmiasion. 

743 Bight side dust pan on flide of engine, rear 

■eetioB. 
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744 Bight side dnst pan on side of engìne, front 

seetion. 

745 Left side dust pan on side of engine. 

746 Front dnst pan. 

747 Starting erank. 

748 Starting shaft 

749 Starting shaft bracket. 

750 Starting Bhaft spring. 

751 Batehet celiar f or starting shaft. 

752 Brass plated nut for starting shaft. 

753 Steering ehnek brace. 

754 Steering post bnshing. 

755 Worm and shaft for spark lever inside steering 

post. 

756 Worm and tubing for throttle lever inside steer- 

ing post 

758 Timer complete. 

759 Timer and top of govemor case. 

760 Timer pianger spring. 

761 Timer plnnger holder. 

762 Timer case. 

763 Timer ease and top of govemor casa. 

764 Timer contact segmenta 

765 Timer screw cap. 

766 Timer glasa. 

767 Fiber ring in timer. 

768 Ball enp in timer. 

769 Cono in timer. 

770 Nnts on shaft throngh timer. 

771 Govemor case. 

772 Govemor npper spider and screwSL 

773 Govemor lower spider and studs. 

774 Govemor weight pivot. 

775 Govemor shaft 

776 Govemor arma and pin«. 

777 Govemor weights. 

778 Ctovemor sprìngs. 
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779 Bionse bnshing in timer. 

780 Long spirai tfpring holding timer. 

781 Insnlated bushings for timer caM. 

784 Mvffier. 

785 Mvffier pipe. 

786 Union nut for mnffler pipe. 

787 Mnffler eatout valve. 

788 Bear end of mnffler complete. 

789 Mnffler spirai springa. 

790 Mnffler «atout lever. 

791 Mnffler cable. 

792 Mnffler puah rod. 

793 Mnffler beli erank. 

794 Mnffler plunger. 

795 Mnffler beli erank atud. 

796 Bubber button on mnffler rod plunger. 

797 Gasoline tank onder front seat. 

798 Oasoline tank strapa. 

799 Oasoline tank supporta. 

800 Gasoline tank eap. 

802 Fiber block on dash for wiring. 

808 Fiber block (4 hole) on engine for wiring, with 
sapport. 

804 Fiber block (2 hole) on engine for wiring, with 

support. 

805 Fiber block (6 hole) on engine for wiring, with 

support. 

806 Fiber tnbing for wiring. 

807 Chains and mtber tubing for wiring. 

808 BptLrk plug gi^«b 

809 BptA coila. 

810 Vibrators for spark coila. 

811 Adjusting serews for vibrator for spaik coQa 

812 Plug for spark eoi!. 

813 Dry eells. 

814 Terminal nuts for dry céDsL 

815 Wire connectors for diy ceDs. 



96 Automobile 

816 Storage batteries. 

817 Snap switeh for dynamo. 

818 Automatic catout. 

819 Snap switeh for lighta 

820 Electric light globes for side and tali lampe 

821 Dynamo. 

822 BruBh holders for dynamo. 

823 Carbon bmaheai 

824 Coli nuta for coil connectora. 

825 Sockets for aide and tail lampa. 

826 Dynamo govemor with apring. 

827 Dynamo rawhid^ pnlley. 

828 Bronzo bearing bnahing^ lower en& 

829 Wiring shield on front of datfh. 

830 Clevis pine, long. 

831 Clevia pina, short 

832 Clevia pina for apark and throtila. 

833 CompresBion feliaf rod. 

835 00 tank. 

836 Oil tank atn^ 

837 OU tank eap. 

838 Pet cock on oil tank. 

839 Oiler witk case completa. 

840 Oil pnmp pnlley on oiler. 

841 Flexible tabe to oiler. 

842 Stop cock to oiler. 

843 Capa for adjnating stema on oikr. 

844 Sight f ceda on dash. 

845 Glasses for sight f ceda 

846 Piangerà for sight feeda. 

847 Pianger apringa for sight feeda. 

848 Pipea from oiler to sight f eeds^ 

849 Pipe to engine crank case, long. 

850 Pipe to engine crank caae, ahorl 

851 Pipe to engine main bearing. 

852 Pipe to clntch slide. 
868 P^ to tranamiadoa. 
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854 Pipe to nar BywUm, 

855 UnioDS f or ends of oil pip«iL 

856 Oil pAddng uni ai pullej. 

857 Pipe to center of eylinder erank caie. 

858 Braeket f or oiler. 

859 Belt f or oiler one-f ourth inch diametcr. 
850 Beh hook» f or oil belt 

861 Badiator. 

862 Badiator fUling eap. 

863 Top lioae f or radiator. 

864 Bottom hoee f or radiator. 

865 Glamps oa hoae. 

866 Hoee nipple. 

867 Badiator fan. 

868 Badiator fu braeea. 

869 Badiator fan bearìnga with shafk 

870 Tee in bottom of piimp. 

871 Plug in tee in bottom of pnmp. 

872 Drain eoek in bottom of radiator. 

873 Fan belt 

874 Fan pnlley attaehed to fan. 

875 Hcod. 

876 Hood fastenen with iprinfik 

877 Badiator braee^ rigbt 

878 Badiator brace, loft 

879 IVm poBey on erank ahaft 

880 Audliary gasoline tank. 

881 Front braeket for anziliaiy gasoline tank. 

882 Bear braeket for aoziliary gasoline tank. 

883 Pipe from main to anTiliary gasoline tank. 

884 Pipe from anzUiary tank to earbnreter. 

885 Pet eoek on bottom of gasoline tank. 

886 Stop eoek on bottom of gasoline tank. 

887 Air pipe from anziliary gasoline tank. 

888 Gap on air pipe on dash. 

889 Qiler pnllej on erank shaft 

890 Traaaminion complete with nnivenal Joiat and 

eonpUai^ 
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891 TranBmÌB8ion case complete with eap for reverae 

bearing. 

892 Bear main bearing sleeve complete with univer- 

sa! joint, etationary tooth elutch, gear a|^d 
annular bearings with adjoster. 

893 Bear main bearing aleeve. 

894 Lid for top of case. 

895 Winged nut for lid. 

896 E tionary tooth dutclh 

897 Boshing for stationarj tooth eluteh. 

898 End adjuster ring for roar main bearing. 

899 Loeking keys for end adjnsters for main bear- 

ing and connter shaft. 

900 miister head screws for loeking keys. 

901 Stnd holding annular bearing on stationary tooth 

eluteh. 

902 Felt washer in long bearing end. 

903 Largo felt washer for short bearing end. 

904 Small felt washer for short bearing end. 

905 Main shaf t. 

906 Collar on main shaft between annular and èlutd 

conpling yoke. 

907 Counter shaft complete with gears. 

908 Connter shaft bearing sleeve. 

909 Adjuffter for counter shaft. 

910 Collar between 18 and 28 tooth gears on counter 

shaft 

911 Collar between 28 and 34 tooth gears on counter 

shaft 

912 Collar between 18 tooth gear and annular bear* 

ing on counter shaft 
918 CoUar between 34 tooth gear and annular bear* 
ing on counter shaft 

914 Counter shaft 

915 Beverse shaft 

916 Beverse shaft spring. 

917 Beverse bearing bushing. 

918 Beverse bearing plug for front 



Catechism 99 

919 Bevene bearìng eap. 

920 Onard f or sliding reverM pialoB» 

921 Five-sixteenths ineh dowel pin. 

922 * Plag in bottoni of ease. 

923 Largo roar annoiar hearing on nniTonal joint 

in long hearing aleeve. 

924 Small annnlar hearing in long hearing sleeve. 

925 Annnlar hearing on main shaft, in front of case. 
SMS6 Annnlar hearinga on connter shaft. 

927 33-tooth gear on stationarj tooth elutcÌL 

928 Sliding pinion and dutch on main ahaft with 23 

and 17-tooth geara. 

929 18-tooth gear on connter shaft. 

930 34-tooth gear on connter ahaft. 

931 28-tooth gear on connter Bhaft. 

932 14-tootlì gear on reveree sbafi, 

933 19-tooth gear on reveree sbafi, 

934 Tnhing f or shif ter rod. 

935 StuiBng hox f or sbifter rod. 
931 Sbifter rod. 

937 Bliding pinion 3roke. 

938 Pinion sbifter conneeting rod. 

939 Pinion sbifter conneeting rod end adjnateK. 

940 One-balf-ineb stndv for main hearing. 

941 Clntcb conpling joke. 

950 Upper erank case of engine. 

951 Lower erank case of engine. 

952 Crank hronze hnsbing flywbeel end. 

953 Crank hronze hnsbing gear end (short). 

954 Crank hronze hnsbing gear end (long). 

955 Long hearing cap flywbeel end. 

956 Short hearing cap gear end. 

959 Crank hronze hnsbing nnder baagen. 

900 Hanger hearing eapsi 

962 Crank sbafi. 

963 Crank sbafi gear. 

964 Cylinders. 

965 Looae gear eorer for pnmp and ean gearsL 
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fKM Hanger bearing tftnda. 

967 Timer braeket on eylinder. 

068 Gopper linen f or connectìng rodi. 

969 Pistons. 

970 PiBton rings. 

971 PiBton pin set serena. 

972 PiBton pina. 

973 Connecting rods. 

974 Connecting rod bn^ung, upper end* 

975 Connecting rod boshing, lower end, 

976 Connecting rod studs, lower end. 

977 Connecting rod stud nata, lower end. 

978 Connecting rod stnd, upper end. 

979 Connecting rod «tnd nnts, upper end* 

980 Cam Bhaft. 

981 Camt. 

982 Cam Bhaft gear. 

983 Cam Bhaft buBhingBL 

984 Cam shaf t buahing eap. 

985 YalveBy both intake and ezhMSt 

986 Yalve capa. 

987 Yalve lif ter cagea. 

988 Yalve lif ters asaembled. 

989 Yalve spring washers. 

990 Yalve springs. 

991 Yalve Bpring washer kejra» 

992 Spirai gears % in. bore. 

993 %>iral gean % in. bore. 

994 Inlet flange connection to carbureter. 

995 Loose inlet flange. 

996 Doublé tapered nipple* for inlet and ezhauat 

pipeB. 

997 Water pipe, horizontal outlet to radiatov. 

998 Water pipes, horizontal inlet. 

999 Yertical water pipe. 

1000 Waterpipe gaskets. 

1001 Water pipe atuds and unta 

1002 EzhauBt pipe, cast iion. 




Catechism 



101 



1003 EzhauBt pipe, front section; ezhauBt pipe, rear 
seetion. 

1004 Clamping ban f or ezhanst and inlet pipetf. 

1005 Inlet pipe cast iron. 
L006 Inspection platea. 

1007 Inspection piate aerews. 

1008 FlywheeL 

1000 Flywheel coontersunk bolta for attaching flj- 

wheel te crank flange. 

LOIO Flywheel hexagon bolta for attaching flywheel 

to crank flange. 

1011 Flywheel bolt nata. 

L012 Oear pump complete. 

L013 Pomp case. 

L014 Pomp case cover. 

1015 Pomp gears. 

1016 Pomp gear shaft, long. 

1017 Pnmp gear shaft, short. 

1018 Pnmp packing nnt. 

1019 Pnmp packing gland. 

1020 Belief cocks, ^ in. 

1021 Drain cocks, % in. 

1022 Priming cnps. 

1023 Spark plngs. 

1024 Spirai gear shaft collar on npper end» 
L025 Spirai gear cover. 

1026 Spirai gear timer shaft. 

1027 Spirai gear shaft, lower bnshing. 

1028 Spirai gear shaft, upper bnshing. 

1029 Crank case vent. 
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TbitUtiar part of Oabooh rl*M tnU and eonpiala intormatioB 
ODOn tha tiUowinf anbjacta: IfaaaBtini darlcaa. Uachiniita' toola. 
Shop tool*, Waehina toola. Borini michlnaa. Borine ntiUa. Drill 
praaiaa, Gear Cnltini maetiliiBi, Grìodini Ifaehinai, Lathea and UlU- 
ism macbiaea. Alao aiulllaTT machUia toola. Poriabla toola. Wlaealla- 
oaoaa toola. Plein and Spirai IndaiiDc macUnai, Notai on Steel. Gu 
Inroacaa, Shop ulka, Sbop kiska, Madlcal Aid aad over vUa tablaa. 

Tlia hook ia preluaalr lllnalnitad «ud ibowa riawa or tba laiaat 
nacbinarr and tha tnoat uMo-data and ImmoTad baU and motor- 
driTen machina toola. wlth fall Information aa to tbalt Daa and opara- 
tloB. Il bai baan tha abiaci of iba aathot to praasnt the anbieel 
mattar In thii work in ai aimpla and noi fehpieal naaan a* la 
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THIS iTDTk ilealilD B pnctical and Don- 
technlcBl muiner vlth the c&IcuIbUoq 
o[ ttie |K>wer ol Bteun Euibie*. *Sip]i>- 
dve koil Electric Uoton. 

PkrtlculBr atlentlaii hu bem dven to Um 
full eiplitiattoii o[ tbe elcmenUrr principio 
upoD wUcb Ihe Cklculatloiii are baaed. 

ItbaabceD the endeavor to prtMDt ta ai 
■Imple a mamier ai la poialble. a nomber al 
melili nilea sdì] lormulai tbat majr be al 
(reatTatuB to EaoivKiU. UacHiNiSTt aod 
DiBiOHiaa In calcnlatliis bone power. 

Baie* for plottloi iteam eiudiui tUacrama 
bT arltbroetlcal. geometrlcal sud irapUcal 
methoda are ttrea and fuUy axplalned. alao 
tbe metbod naed In plottlnE the dlaxram ol 
BD explDalve molor. 

Tbla iTork ooTera manj potuti reiardlnc 
tfae calcolatlon ol borae power and olelul 
informatloD oot bltberto publlabed In ■ ilDEle 
e,aDdtDchideiOBk!iiIaeed. Brake and Indlcated borw power, point ol 
cnt^lt and averaie iteam preHuie, Hone Power ol Exploi! ve Uoton. Dense 
ol Oompreialon and OombuaUoD Cbamber Dtmemloiw. Indlcalot Dtacranu ol 
Steam BiuliDet and Bxploilve Uolori. alao tablea ol AveraKe Steam Proanre. 
Areasol drclea, Sqnareeol Dlameteia olOIiclet. Hataral LoKarttbmi of Niun- 
ben. TbecmCMlynamlc Propertlei ol OuollDe and Air, Oonunon Loiarlttami 
ol Nmnben, and Uemnratlon ol Surf aoe and Volarne. 







" Siploslve Motor " Inctadea Qai, GaaoUiie and Oli K 



SEHT POSTPAID TO ANY ADORESS IN 
THE WORLD UPCM KECZIPT OF FRIGI 

FREDERICK J. DRAKE & CO. 

PUBLISHERS 
PUBLI5HERS. CHICAGO. ILL. 



^ 



THB NEW EMnoNaMMinfiaiddUaafawMnptMtthMMW 
Tha Btmm TbiMh ud Mm^mìuI SmJum wUtlTiì ut l^risdad la 
B«t«f Bn«lB««rta< WoA». 

E6« 20th Centuiy Hand Book 
£ti^neers and Electricians 

— ■■■ — ■ — — ■ „ ■ ■ , - II.. I., .. . ..^ A OOMPBNDICU 

I hfffilKn iS^;T?rì?BaVSiT^in^?aBÌ!j ^ *^ mpparuin- 

I MWWlHWHMHlWìinHlWIViniV.tTfTil l^S t° ">■ w" *^ 



lM.and al]i>roblem* ara aolTad In pUn aglina, miu «n» 
laotUnlUd HlncaUon to oompnlielld thelrnmiiliig, 
aro. r. Bwmoix, h.b. 
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A oomplete modani tmlbe ìaUj dMoribing, wtth Dhu- 

toMttODS, Uw •team boÌl« of varioiu tyft^ OoiutntctioB 

ftnd rnlea for uoertaioiaf 

tb* •toniKUi for ft&diaf 

I nfo working prcMU*. 

BoOcr nttingi amd iv> 




tabci, ufe^ nln m1- 
eolatlona, feed pompa, 
otHnbuiUon, «npontioo 
tMto wllh nilM, atranitit 

«f bdlen, and i 



foUfil 

Ihelatart ud m 
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